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Comments 

I  am  excited  to  announce  the  electronic  online 
availability  of  Tech  Notes.  The  feature  article  this 
month  describes  our  Center's  new  Federal  Applied 
Technology  Database  which  contains  summaries  of 
all  Tech  Notes  fact  sheets  since  1 981 .  This  database 
is  easy  to  access  and  search.  It  gives  U.S.  firms 
ready  availability  to  some  of  the  best  U.S.  Govern- 
ment technologies  and  resources. 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
togeather  individual  one  to  two  page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight 
current  Federal  technology  determined  to  have 
commercial  or  practical  application.  Topics  cover 
new  processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the 
Department  of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy  ,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions 
concerning  Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room11R 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4838 
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How  to  Use 

Holes 


Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to    others    in   their   organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  slators. 

Project  Officer  Jeffrey  E.  Haas 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  ■ 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 


15! 


■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN ~~ 


FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


■Page  number 


Tech  Notes  Title  List  for 
ay 


Agriculture  &  Food 

405  Salt  Substitute  for  Preserving  Smoked  Fish 

406  Wheat  Hardness  Test  May  Aid  Exports,  Wheat 
Quality 

407  Debittering  Citrus  Juices  (Licensing  Opportunity) 

408  Listening  Device  Developed  to  Hear  Larvae  Chewing 
(Licensing  Opportunity) 

409  Biological  Engineering  for  Sustainable  Biomass 
Production 

410  Transformation  Aids  Crop  Analysis  From  Spectral 
Data —  Most  data  variability  is  captured  in  three 
spectral  features. 

Computers 

41 1  Thermal-Shutdown  System  for  Computers — 
Protective  system  alerts  users  before  it  shuts  down 
a  mainframe  and  local  peripherals. 

412  System  for  Automated  Indexing —  A 
software/hardware  system  extracts  and  manages  a 
data  base  of  index  terms. 

413  Solving  Finite-Element  Problems  on  a  Concurrent 
Processor —  By  use  of  the  "conjugate  gradients" 
technique,  the  concurrent  efficiency  is  greater  than 
90  percent. 

Software 

414  Software  Life  Cycle  Tool  Information 

415  Program  for  Experimentation  With  Expert  Systems — 
Deductions  are  performed  according  to  data  and  to 
rules  set  by  the  user. 

Electrotechnology 

41 6  Millimeter-Wave  Integrated  Circuits —  A  variety  of 
devices,  ranging  from  simple  to  complex,  have  been 
built  in  silicon  and  in  gallium  arsenide. 

41 7  Measuring  Shielding  Effectiveness  of  Materials 

418  Printed  Wiring  Boards 

419  Electromagnetic  Compatibility  and  Interference 
Measurements 

420  Understanding  Microwave  Radiometers —  A  tutorial 
document  aids  in  designing  these  useful 
instruments. 

421  Solenoid-Simulation  Circuit —  Electrical  properties  of 
solenoids  are  imitated  for  tests  of  control  circuits. 

Software 

422  Analyzing  Millimeter-Wave  Mixers — An  indepth 
analysis  of  the  electrical  characteristics  will  pave 
the  way  to  improved  mixers. 

Testing  &  Instrumentation 

423  Measuring  Helicopter-Antenna  and  -Coupler 
Performance —  Components  are  evaluated  on  a 
ground  plane  and  on  an  aircraft. 

424  Using  Reverberation  Chambers  for  Electromagnetic 
Susceptibility  Tests 

425  Circuit  for  Lifetime  and  Surface-Recombination 
Measurements —  A  test  circuit  for  silicon  solar  cells 
suppresses  spurious  effects. 


Other  items  of  interest 

430        Grid-Optimization  Program  for  Photovoltaic  Cells- 
Power  loss  due  to  eiectrical  resistance  and 
shadowing  is  minimized. 

Energy 

426  Soct-  and  Smoke-Free  Kerosene  Heaters — 
new  concepts  are  offered. 

427  Low  Cost  Thin  Polymer  Film  Solar  Collectors 
(Licensing  Opportunity) 

428  Combustion  Research  and  Ash  Fouling 

429  Synopsis  of  Magneto-hydrodynamic  Power 
Generation —  A  summary  reviews  the  state  of 
development. 

Software 

430  Grid -Optimization  Program  for  Photovoltaic  Cells- 
Power  loss  due  to  electrical  resistance  ana 
shadowing  is  minimized. 

Other  items  of  interest 

425         Circuit  for  Lifetime  and  Surface-Recombination 

Measurements —  A  test  circuit  for  silicon  solar  cells 

suppresses  spurious  effects. 

Engineering 

431  Technology  Transfer  From  Gun  Dynamics —  Among 
promising  fallout  technologies  is  one  for  tracking  and 
positioning  the  position  of  erratically  moving  objects. 

432  Predicting  Catastrophic  Pressure- Vessel  Failure — 
An  analytical  method  uses  a  plot  of  strain  ratios  'or 
three  different  steel  conditions. 

433  Effects  of  Blade  Dissimilarities  on  a  Helicopter 
Rotor— An  analytical  method  yields  experimentlike 
results. 

434  Elastic/Plastic  Unloading  in  Thick  Tubes —  Kinematic 
hardening  theory  is  applied  to  stress  analysis. 

435  Lightweight  Corrugated-Core  Sandwich  Cent! 
for  Fleet  Application 

436  Storing  Chemicals  in  Packed  Spheres —  Reactants 
would  be  released  by  crushing  or  puncturing. 
(Licensing  Opportunity) 

437  Improved  Joint  Design  for  Box-Stiffened  Panels — 
Photoelastic  models  are  used  to  visualize  stress 
concentrations. 

438  Multiple  Grids  in  Finite-Difference  Flow  Analysis — 
Multiple  solutions  are  superimposed  to  resolve  flows 
about  complex  configurations.  (Licensing 
Opportunity) 

439  Lightweight,  Nesting  Struts —  Hollow  cones  are 
easily  assembled  to  form  trusses.  (Licensing 
Opportunity) 

440  Near  Identifiability  of  Dynamical  Systems — 
Concepts  regarding  approximate  mathematical 
models  ate  treated  ngorously. 

441  Flexible-Rotor  Balancing  Demonstration — Tre 
the  rotor  as  a  flexible  body  at  low  rotational  speeds 
aitows  balancing  without  highspeed  tests. 

442  Analysis  of  Leakage  Flows  in  Turbomach  le  ■ 
Navier-Stokes  calculations  predict  leakage  flow 
high-pressure  fuel  pump. 


May  1987  Tech  NotesTitle  list 
Engineering  (Cont.) 

Software 

443  THERMI 12,  BWR  and  PWR  Thermal-Hydraulic 
Analysis  Computer  Program 

444  Advanced  Rotordynamic  Nonlinear  Transient 
Simulation—  Loads  and  displacements  are  predicted 
for  a  variety  of  rotating  machinery. 

Environmental  Science  &  Technology 

445  Interim  Protocol  for  Diving  Operations  in 
Contaminated  Water 

446  Handbook  for  Stabilization/Solidification  of 
Hazardous  Waste 

447  Field  Test  for  Measuring  Cation  Exchange 
Parameters 

Other  items  of  interest 

436         Storing  Chemicals  in  Packed  Spheres—  Reactants 

would  be  released  by  crushing  or  puncturing. 

(Licensing  Opportunity) 

Manufacturing,  Machinery,  &  Tools 

448  Injection-Molded  Thermoplastic  Electronic 
Enclosures 

449  Improved  Milling  Cutter  Life 

450  Slow-Notch-Bend-Energy  Tests  on  Extruded 
Aluminum — The  tests  reveal  important  differences 
in  material  that  are  not  detected  by  other  methods. 

451  CAD/CAM  Process  for  Cold-Forged  Gears— The 
GEARDI  program  advances  the  design  and 
production  of  spur  and  helical  gears. 

452  Generation  of  Spiral-Bevel  Gears —  A  computer 
program  helps  eliminate  kinematic  errors  in  the 
motion  transmission. 

453  Fatigue  Life  of  a  Turboprop  Gearbox —  A  computer 
analysis  agrees  well  with  field  experience. 

454  Recycling  Uranium-Bearing  Machining  Chips —  A 
recycling  process  proves  to  be  not  only  practical  but 
also  economical. 

455  Levitation  With  a  Single  Acoustic  Driver —  Using  one 
driver  instead  of  three  makes  levitation  easier  to 
control.  (Licensing  Opportunity) 

456  Bearing  Refurbishment  Implemented 

457  Making  Highly  Pure  Glass  Rods —  A  quasi- 
containerless  process  might  be  used  to  make  optical 
fibers.  (Licensing  Opportunity) 

458  Robotic  Vision  for  Welding —  The  view  from  the 
welding  head  is  used  to  control  the  welder. 
(Licensing  Opportunity) 

459  Flexible  Diaphragm  Withstands  Extreme 
Temperatures — This  diaphragm  seals  and  retains  its 
flexibility  from—  200  to  +600  F  (—1 29  to  +31 6  C). 
(Licensing  Opportunity) 

460  Smoother  Scribing  of  Silicon  Wafers —  Ethanol  alters 
the  normally  brittle  character  of  the  silicon  wafers 
into  a  more  ductile  material  for  smoother  scribing. 

461  Covering  Cavities  by  Electrodeposition —  A 
reworking  technique  allows  complex  surfaces  to  be 
reshaped. 

Testing  &  Instrumentation 

462  Measuring  Fracture  Toughness  with  Arc-Tension 
Samples —  Arc -tension  samples  prove  to  be  as 
representative  of  mean  characteristics  as  standard 
compact  tension  samples. 


463  Performance  of  a  Centrifugal  Impeller —  The  impeller 
was  tested  with  a  vaneless  diffuser  at  different 
impeller-area  ratios  and  impeller-exit  axial  widths. 

464  Magnetic  Recording  Borescope 
Other  items  of  interest 

418         Printed  Wiring  Boards 

444         Advanced  Rotordynamic  Nonlinear  Transient 

Simulation —  Loads  and  displacements  are  predicted 

for  a  variety  of  rotating  machinery. 
477         Iron/Phosphorus  Alloys  for  Continuous  Casting — 

Continuous  casting  becomes  practicable  because  of 

reduced  eutectic  temperature. 
493         Faster  Roof  Bolt  Hole  Drilling 

Materials 

465  Plastic  Film  from  Starch  and  Glycerol  (Licensing 
Opportunity) 

466  Electrodeposition  of  Niobium —  The  effects  of 
temperature,  current  density,  and  additives  were 
investigated. 

467  Hot-lsostatic-Pressed  Steel  Powder —  Good 
mechanical  properties  were  obtained  using  low-alloy 
steel  powder. 

468  Stress  Effects  in  4340  Steel—  The  effect  of  stress 
on  Young's  modulus  and  Poisson's  ratio  was 
determined  through  experiment  and  analysis. 

469  Densification  of  Sinterable  RBSN—  The  effect  of 
oxidation  on  sintering  behavior  was  investigated. 

470  Causes  of  Delamination  in  Kavlar/Epoxy 
Laminates —  Undercuring  coupled  with 
microcracking  and  subsequent  moisture  invasion  led 
to  delamination. 

471  Properties  of  Alumina-Fiber/Magnesium 
Composites —  The  mechanical  properties  depend  on 
fiber  content  and  fiber  orientation. 

472  Crack  Damage  to  Brittle  Materials:  Study  achieves 
the  best  understanding  of  this  process  to  date. 

473  Review  of  Sulfur  Construction  Materials 

475  Low-Resistivity  Zinc  Selenide  for  Heterojunctions — 
Magnetron  reactive  sputtering  would  enable  doping 
of  this  semiconductor.  (Licensing  Opportunity) 

476  Polyether/Polyester  Graft  Copolymers —  Higher 
solvent  resistance  is  achieved  along  with  lower 
melting  temperature.  (Licensing  Opportunity) 

477  Iron/Phosphorus  Alloys  for  Continuous  Casting- 
Continuous  casting  becomes  practicable  because  of 
reduced  eutectic  temperature. 

Testing  &  Instrumentation 

478  Hall-Effect  Borescope  Locates  Cracks  Precisely — 
The  instrument  records  data  automatically 

479  Thermal  Insulation  in  Tank  Cars —  Ceramic  fibers 
keep  tank  contents  at  a  low  temperature  when  the 
car  is  involved  in  a  fire. 

480  Sound  Waves  Used  to  Detect  Flaws  in  Concrete 

481  Steel  Roughness  Measurement  Using  Infrared 
Thermography 

482  Chemical  Characterization  of  Phenol/Formaldehyde 
Resins — Analytical  procedures  characterize  resin 
composition  and  behavior  before  and  during  use. 
(Licensing  Opportunity) 

483  Digital  Control  of  Durability-Testing  Burner  Rigs — 
Surface  temperatures  are  controlled  more  precisely 
than  before. 
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Material  (Cont) 

Software 

484  Slenium:  Finding  the  Delicate  Balance 

485  Identification  Manualfor  Phytoplankton  of  the  United 
States  Atlantic  Coast 

486  Intestines  Kept  Alive  in  Test  Tubes 

487  Assessing  the  Human/Computer  Interface — 
Guidelines  are  given  for  making  a  realistic  and 
informative  assessment. 

488  Human  Tumor  Cells  and  Serum  Available 
Other  items  of  interest 

448        Injection-Molded  Thermoplastic  Electronic 

Enclosures 
457         Making  Highly  Pure  Glass  Rods—  A  quasi- 

containerless  process  might  be  used  to  make  optical 

fibers.  (Licensing  Opportunity) 
51 1         Chromatopyrography/Mass-Spectrometry  of 

Vulcanizates — Components  are  identified  in  a 

relatively  simple  technique. 

Medicine  &  Biology 

489  Air-Cooled  Vests  for  Workers  in  Hot  Environments — 
The  vests  can  extend  periods  of  tolerance  to  heat  to 
many  hours. 

Testing  &  Instrumentation 

490  Tabletop  Robot  Assesses  Nutrients  in  Food 

491  Photoelectronic  Monitor  of  Motion  Sickness —  An 
instrument  measures  the  drop  in  skin  infrared 
reflectance  accompanying  nausea.  (Licensing 
Opportunity) 

Natural  Resources  Technology  & 
Engineering 

492  INPUFF  2.0— A  Multiple  Source  Gaussian  Puff 
Dispersion  Algorithm  User's  Guide 

493  Faster  Roof  Bolt  Hole  Drilling 

494  Delay  Blasting  in  Underground  Coa!  Mines 
Software 

495  Urban  Hydrology  Model  for  Small  Watersheds —  A 
new  microcomputer  based  program  calculates  water 
runoff. 

496  Ionospheric  Communications  Analysis  and 
Prediction  Program  (IONCAP) 

Testing  &  Instrumentation 

497  Compact,  Portable  Generator  Passes  Test  for 
Sounding  Earth's  Crust 

498  Underground  Imaging  Using  Electromagnetic 
Tomography 

499  Measuring  Atmospheric  Turbulence  With  Lidar — 
Laser  Doppler  measurements  promise  to  give 
reliably  accurate  indications  of  wind  speed  and 
turbulence. 


503  Computerized  Database  From  AlChE/DIPPP 
Standard  Reference  Source  on  Pure  Chei 
Compounds 

504  "Noiseless"  Data-Compression  Algorithm —  Go  - 
ray  spectrometer  data  are  compressed  to  enable 
more  frequ ant  sampling. 

505  Star- Viewing  Scheduler —  A  strategy  an(, 
algorithm  produce  a  weil-balanced  tim 
accommodates  many  constraints.  (Licerr,     • 
Opportunity) 

Software 

506  Microcomputer  Fortran  Programs  Calcula'e  f 
Properties 

507  DASSL,  A  Differential/Algebraic  System  Solver 

508  SOLGASMIX-PV,  Equilibria  in  Chemical  Systems 

509  Software  Package  Calculates  Aerosol  Compositic  n 

510  Updated  Thermal-Radiation  Program —  Used  with 
other  thermal-analysis  programs,  this  program 
calculates  the  radiation  components. 

Testing  &  Instrumentation 

51 1  Chromatopyrography/Mass-Spectrometry  of 
Vulcanizates — Components  are  identified  in  a 
relatively  simple  technique. 

512  Supercritical  Fluid  Chromatography  for  High 
Molecular  Weight  Organic  Analysis 

513  Studying  Transonic  Gases  With  a  Hydraulic 
Analog —  A  water  table  has  been  adapted  to  gas 
dynamics. 

Other  items  of  interest 

482         Chemical  Characterization  of  Phenol/Formaldehyde 
Resins — Analytical  procedures  characterize  resin 
composition  and  behavior  before  and  during  use. 
(Licensing  Opportunity) 

Transportation 

514  Equipment  for  Containerized  Shipping — Items  for 
air,  land,  and  sea  shipment  are  catalogued. 

515  Portable  Shelter  for  Helicopters — Atenilike 
enclosure  protects  personnel  and  equipment  from 
the  elements. 

516  Algorithm  for  Fuel-Conservative  Airplane 
Descents —  Pilots  use  a  small  programmable 
calculator  to  plan  descents. 

517  Pitch  Control  for  Helicopter  Rotors —  Blade  pitches 
are  controlled  in  synchronism.  (Licensing 
Opportunity) 

Other  items  of  interest 

479         Thermal  Insulation  in  Tank  Cars —  Ceramic  fibers 

keep  tank  contents  at  a  low  temperature  when  the 

car  is  involved  in  afire. 


Physical  Sciences 

500  Data  on  Host  Materials  for  Lasers —  Key  parameters 
are  culled  from  the  literature  and  tabulated. 

501  Combustion  in  Very-High-Burning  Rate 
Propellants —  Various  formulations  are  studied  in 
closed  chambers  and  in  transparent  chambers. 

502  JANAF  Thermochemical  Tables —  Now  tables  are 
available  as  a  printed  supplement  or  computer- 
readable  database. 


Digitized  by  the  Internet  Archive 

in  2013 


http://archive.org/details/technoOOcent 


Electronic  Access  to  the  Best  in  U.S. 
Government  Technologies  and  Resources 


Now  engineers,  scientists,  and 
technology  scouts  can  use  their 
office  computers  to  search  for 
selected  technologies  and  re- 
sources. The  unique  Federal 
Applied  Technology  Database 
provides  access  to  highiighted 
U.S.  Government  R&D  results, 
resources,  and  expertise.  It  also 
includes  descriptions  of  Gov- 
ernment-owned inventions  avail- 
able for  licensing  by  U.S. 
businesses 

For  the  first  time,  U.S.  firms  are 
given  a  database  containing 
selected  information.  Because  of 
the  vast  amount  of  Federal  tech- 
nologies and  know-how  gener- 
ated, the  Government  has  taken 
steps  to  identify  and  select  those 
technologies  and  resources  offer- 
ing potential  opportunities  for  com- 
mercial or  practical  applications. 
The  Federal  Applied  Technology 
Database  announces  tthese 
selections. 

The  database  is  unique  in  that 
many  of  its  entries  provide  contact 
names  and  telephone  numbers  as 


well  as  sources  of  backup  informa- 
tion. It  is  comprised  of  three  differ- 
ent types  of  information  entries: 

(1)  Federal  laboratory  resources: 
Ful!  descriptions  provide  informa- 
tion about  the  resources  available 
to  technology-oriented  profes- 
sionals. These  resources  include 
facilities  and  equipment  for  sharing, 
expertise,  and  special  services. 
Also  cited  are  complete  descrip- 
tions and  contact  points  to  the 
Government's  technical  information 
centers. 

(2)  New  technologies  and  know- 
how:  Easy  to  scan  summaries 
cover  advances  selected  as  having 
better  than  average  practical  or 
commercial  potential.  These 
entries  are  created  from  NTIS's 
Tech  Notes  monthly  subscription 
product  and  include  material  from 
NASA  Tech  Briefs  and  DOE 
Energygrams. 

(3)  New  product  opportunities: 
Full  descriptions  with  contact 
phone  numbers  are  provided  for 
iicensable  U.S.  Government- 


owned  inventions.  The  Govern- 
ment realizes  the  importance  of 
licensing  its  patented  t> 
so  that  U.S.  businesses  can  ii  i , 
in  bringing  them  to  the  market- 
place. 

The  database  may  be  accessed 
through  the  commercially  available 
online  service  of  BRS  Information 
Technologies,  Inc.  BRS  offers  an 
easy  to  use  menu  driven  searching 
system  which  even  casual  non- 
searchers  find  easy  to  use.  To 
learn  more  about  accessing  the 
Federal  Applied  Technology 
Database ,  contact  BRS  Information 
Technologies,  Inc.,  1200  Route  7, 
Latham,  NY  121 10;  (800)  345- 
4277. 

A  free  brochure  describing  the 
database  is  available  by  writing  or 
calling  the  Center  forthe  Utilization 
of  Federal  Technology  ,  NTIS, 
Room  1 1 R,  Springfield,  VA  221 61 ; 
(703)487-4838.  Ask  for 
brochures,  PR-725/TN  and  PR- 
812/TN. 
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Salt  Substitute  for  Preserving  Smoked  Fish 


Consumers  have  become  concerned  about  the  amount  of   sodium   in  their  di 
because  of   the  possible  association  between  sodium  intake  and  hypertension. 
This  has  prompted  voluntary  efforts  by  food   industries   to  reduce  the  amount  < 
sodium  in  processed   foods.      For  the  smoked   fish  industry,    relatively  high  con- 
centrations of  salt  are  needed,   not  only  for  traditional   flavor  and  texture 
the  products,   but  to  assure  microbiological  safety  during  distribution  and 
marketing. 

A  way  to  reduce  sodium  in  smoked   fish  without  jeopardizing   safety    is 
replace  part  of   the  NaCl  with  another  salt.      NCAA  researchers  have  detenr 
the  effect  of   substituting  KC1  for  all  or  part  of   the  NaCl   in  hot-process 
(smoked)   whitef ish  on  toxic  outgrowth  of  Clostridium  botulinum  type  E  when 
product   is  stored  at  the  abuse  temperature  of  25°C.     The  work  was  carried  out 
by  G.A.   Pelroy,  A.   Scherer,   M.E.   Peterson,   R.   Paranjpye,   and  M.W.  Eklund. 

Whitefish  steaks  were  brined    in  NaCl,  KC1,   or  equimolar  NaClrKCl  to  con- 
tain similar  chloride   ion  concentration  and    inoculated   intramuscularly  with 
10  or  100  spores  of  Clostridium  total inum  type  E  per  gram  of   fish.      Steaks 
were  then  heated   in  a  simulated    (i.e.,  without  smoke)   hot-smoke  process  to 
internal   temperatures  of  62.8°  to  76.7°C   (145°-170°F)    for   the  final  30  minutes 
of  a  2-  to  3-hour  process,   packaged  under  vacuum  in  oxygen- impermeable   film, 
and  stored   for  testing   at  an  abuse  temperature  of  25°C    (77°F)  .      During   7  days  of 
storage,    toxin  production  was   inhibited    in  steaks  containing  more  than  0.66 
ionic  strength  NaCl,   0.64  KC1,  or  0.71  equimolar  NaCl:KCl. 

From  a  practical   standpoint,    the  amount  of  KC1  that  can  be  used    in  pro- 
ducts will  be  determined  mostly  by   its  effect  on  flavor.     Properties  such   as 
water-holding  capacity,   pH,   color,   and  texture  of  processed  meats  show   1 
change  even  when  NaCl   is  totally  replaced  with  KC1. 

The  substitution  of  potassium  for  sodium  should  be  approached  with  sane 
caution;   not  only  because  of   induced   flavor  changes,   but  because  potassium  is 
also  a  physiological  electrolyte  with  cardiac  and   renal   function.     Just  as 
reduced  sodium  may  be  beneficial   to  some   individuals,    increased  potass 
may  be  detrimental   to  others. 
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Studies  are  in  progress  to  determine  the  optimum  Na  and  K  proportion 
in  different  smoked  fish  products  that  gives  the  desired  preservative  effect 
without  affecting  flavor  and  acceptability.   Results  with  hot  smoked  salmon 
indicate  that  KC1  may  be  partially  substituted  for  NaCl  up  to  1:1  ratio 
(equimolar)  without  affecting  flavor.  Regardless  of  the  salt  combination  used, 
the  importance  of  refrigerated  storage  below  38°F  should  be  emphasized  for  all 
smoked  fishery  products  to  assure  product  safety. 

Additional  information  is  available  from  NCAA  ORTA,  Suitland  Professional 
Center  (SPC) ,  Room  307,  Washington,  DC  20233.  Telephone  (301)  763-4240. 


United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Wheat  Hardness  Test  May  Aid  Exports,  Wheat 
Quality 

When  ground  one  by  one.  wheat 
grains  give  off  vibrations  that  scientists 
can  measure  to  test  lor  hardness,  a  key 
to  grading  and  pricing  this  major  erop. 

The  measuring  device  invented  by 
engineers  David  R.  Massie  and  Karl  H. 
Norris  of  USDA's  Agricultural 
Research  Service  electronically  registers 
grain  vibrations  produced  by  grinding. 
A  computer  linked  to  the  device  prints 
hardness  scores  on  a  readout  tape. 

"Hard  grains  grind  slightly  louder 
than  soft  ones,"  says  Norris.  "The 
simplicity  of  the  device  could  make  it 
especially  valuable  to  grain  inspec- 
tors.'* "If  adopted  nationally,  it  could 
eventually  help  raise  both  the  quality  of 
domestic  wheat  flour  and  the  value  of 
our  wheat  exports." 

Hard  wheats  bring  a  higher  price 
for  flour  used  to  make  bread,  while 
soft  wheats,  more  suitable  for  cookie 
and  cake  flour,  generally  sell  for  less. 

"Wheat  breeders  have  told  us  that 
a  quick  measure  of  wheat  hardness  will 
help  them  evaluate  new  varieties," 
Norris  says.  "This  would  help  seed 
companies,  too,  and  be  even  better  for 
farmers  who  will  know  exactly  what 
they  are  planting  and  marketing." 

Massie  and  Norris  say  they  stopped 
working  on  an  expensive  laser-beam 
method  to  test  hardness  and  switched  to 
vibration  detection  when  they  clearly 
heard  differences  in  grinding  sounds  of 
hard  and  soft  grains. 

A  sample  of  grain  can  be  tested  by 
pouring  it  into  a  feeder  trough  that  sets 
on  top  of  a  6-inch-diameter  cylinder. 
The  electrically  operated  device 
vibrates  the  grains  in  the  trough  so  they 
fall  one  at  a  time  from  the  edge  of  the 
trough  into  the  cylinder.  There,  a  high- 
speed impeller  (rotor)  hurls  each  grain 
against  an  outer  ring,  which  is  coated 
with  Carborundum  abrasive  to  give  it  a 
rough  surface.  The  impact  crushes  each 
grain. 

USDA's  Federal  Grain  Inspection 
Service  is  testing  the  latest  grinder 
model  for  possible  use  in  wheat  grad- 
ing. This  agency  sets  guidelines  for 
agricultural  commodity  graders  and  is- 
sues licenses  to  grain  inspectors.  Over 


Photo:  Tim  MeCabe 


In  his  laboratory,  David  Massie  conducts  tests  with  an  earl)  version  of  the 
cylinder  used  to  determine  hardness  of  wheat  grains. 


•rinding 
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3  nullum  grain  inspections  arc  conduct- 
ed at  gram  elevators  each  year.. 

Several  years  ago,  Norris  deve- 
loped another  device  to  lest  the  protein 
and  other  nutrient  values  of  grains  and 
oilseeds.  This  near-infrared  reflectance 
(NIR)  instrument  was  adopted  by  the 
grain  inspection  agency    Over  4.000 
commercial  NIR  devices  are  in  use  in 


this  country— by  grain  elevator  opera- 
tors, food  processors,  and  others  -and 
over  7,000  are  in  use  worldwide. 


David  R.  Mass'ie  and  (<arl  //.  Nor- 
ris arc  at  the  USDA-ARS  Instrumenta- 
tion Research  Laboratory,  Bldg.  002. 
Bcltsvillc  Agricultural  Research  Center- 
West,  Beltsville,  MD  20705. 
(301)  344-3650 


United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Licensing 
Opportunities 


Debittering  Citrus  Juices 


The  cost  of  experimentally  debitter- 
ing citrus  juices  with  bacterial  cells 
drops  by  using  a  strain  of  the  bacteri- 
um Corynebacterium  fascians  that  can 
be  grown  without  citrus  limonoids. 

Scientists  have  been  using  enzymes 
from  bacteria  to  convert  the  bitter  limo- 
noids in  orange  and  grapefruit  juice  to 
nonbitter  compounds.  But  until  now 
they  had  to  extract  limonoids  from  fruit 
and  add  it  to  growth  solutions  to  induce 
bacteria  to  produce  cells  with  the 
necessary  enzymes.  Because  limonoids 
are  not  available  commercially,  bacteri- 
al strains  requiring  them  are  more  cost- 
ly to  work  with. 

For  technical  information,  contact 
Shin  Hasegawa  at  the  USDA-ARS  Fruit 
and  Vegetable  Chemistry  Laboratory, 


263  South  Chester  Ave.,  Pasadena,  CA 
91106.  Patent  No.  4,447,456,   "Strain 
of  Corynebacterium  fascians  and  Use 
Thereof  To  Reduce  Limonoid  Bitterness 
in  Citrus  Products.  " 

For  Additional  Information: 

A  copy  of  this  invention's  patent  is  available 
from  the  U.S.  Commisioner  of  Patents, 
Washinton,  DC  20231  for  $1.50. 

Inquiries  concerning  rights  for  commercial 
use  of  this  invention  should  be  addressed  to 

Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal 
Technology 
Room  13R,  NTIS 
Springfield,  VA  22161 
(703)  487-4738 

Refer  to  Patent  4,447,456 
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United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Licensing 
Opportunities 


Listening  Device  Developed  to  Hear  Larvae  Chewing 


A  new  listening  device  can  detect 
chewing  and  movement  sounds  of  lar- 
vae hidden  in  grapefruit  and  other 
fruits  amid  the  din  of  a  packinghouse. 
Once  infested  fruit  is  identified  it  can 
be  removed  before  shipping. 

The  grapefruit  rests  on  membranes 
similar  to  those  used  in  doctors'  stetho- 
scopes. The  membranes,  from  1  to  1.5 
inches  in  diameter,  sit  on  top  of  a  plas- 
tic tube  which  channels  sound  to  a 
microphone  for  conversion  to  an  elec- 
trical signal.  The  signal  is  then  ampli- 
fied from  its  original  frequency,  300 
hertz  or  lower,  to  about  1,000  hertz 
and  filtered  so  only  the  desired  fre- 
quency is  relayed  to  a  computer. 

At  this  frequency,  sounds  are  easi- 
er to  hear  and  discriminate  from  the 
low-frequency  rumble  found  at  packing- 
houses. 


With  variations  in  design,  this  in- 
strument also  detects  larvae  in  nuts  and 
grains. 

For  technical  information,  contact 
J.C.  Webb,  USDA-ARS  Insect  Bio- 
physics Research,  P.O.  Box  14565, 
Gainesville.  FL  32604.  Parent  Applica- 
tion Serial  No.  861,770,  "Acoustical 
Detection  of  Hidden  Insects.  ' 
For  Additional  Information: 

A  copy  of  this  invention's  patent  is  available 
from  the  U.S.  Commisioner  of  Patents, 
Washinton,  DC  20231  for  $1.50. 

Inquiries  concerning  rights  for  commercial 
use  of  this  invention  should  be  addressed  to 

Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal 
Technology 
Room  13R,  NTIS 
Springfield,  VA  22161 
(703)  487-4738 

Refer  to  Patent  Application  6-861,770 
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Biological  Engineering  for  Sustainable 
Biomass  Production 


DOE/TIC/EG-86/150 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


This  technical  note  was  based  on  research  conducted  by  Argonne  National 
Laboratory  for  the  U.S.  Department  of  Energy. 


Argonne  National 
Laboratory 


Methods  for  the  design  of  biological  en- 
gineering systems  to  produce  energy  and 
novel  material  products  within  the  frame- 
work of  the  existing  market  infrastructure 
are  discussed  and  analyzed. 

The  paper  discusses  the  use  of  biolog- 
ical engineering  to  develop  methods  for 
the  production  of  biomass  feedstocks  that 
will  be  low  cost  and  high  volume  in  the 
long  term  for  energy,  chemicals,  and  mate- 
rials applications  The  development  and  ap- 
plication of  biological  engineering, 
including  the  underlying  scientific  funda- 
mentals, engineering  considerations,  and 
governmental  regulations,  are  related  to 
the  market. 


Practical  examples  of  biological  engi- 
neering systems  which  use  components 
based  on  genetic  engineering,  species 
propagation,  modern  agricultural  tech- 
niques, chemical  engineering,  and  mechan- 
ical engineering  are  anal/zed  for 
worldwide  materials  application  and  envi- 
ronmental conservation 

Two  detailed  discussions  of  representa- 
tive processes  are  presented  to  illustrate 
the  principles  These  processes  are 

(1)  The  production  of  wood-grass  as  a 
biomass  feedstock 

(2)  The  use  of  contour  hedgerows  for 
the  production  of  reforestation  planting 
stock 


FOR  ADDITIONAL 
INFORMATION 


Reference(s) 

Sinyan  Sher.  Biological  Engineering  for  Sustainable 
Biomass  Production,  in  Proceedings  of  the  National 
Forum  on  BioDiversity,  September  1986.  National 
Academy  of  Sciences  and  the  Smithsonian 
Institution.  Washington.  DC 


For  program-related  information,  contact 
Smyan  Shen 

Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    1312)  972-6276 
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National  Aeronautics  and 
Spa  "Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Transformation  Aids  Crop  Analysis  From  Spectral  Data 

Most  data  variability  is  captured  in  three  spectral  features. 


Crop  analysis  could  be  aided  by  a 
mathematical  transformation  that  op- 
timizes the  perspective  of  the  six-di- 
mensional (six-band)  spectral  data  taken 
from  a  spacecraft  or  aircraft.  This  trans- 
formation can  be  applied  to  any  temper- 
ate-climate vegetated  scene,  providing  a 
direct  view  of  the  regions  of  data  concen- 
tration resulting  from  band  correlations 
and  fundamental  reflectance  properties 
of  scene  classes.  Almost  all  of  the  data 
variability  is  captured  in  three  spectral 
features,  thus  reducing  by  a  factor  of  2 
the  number  of  spectral  features  that  must 
be  carried,  while  incurring  a  minimal  loss 
of  important  information. 

An  analysis  of  both  simulated  and  ac- 
tual data  in  the  six  reflective  bands  (which 
do  not  include  the  thermal  band)  revealed 
that  the  data  from  vegetation  and  soils 
occupy  primarily  three  dimensions,  defin- 
ing two  planes,  as  illustrated  in  the  figure. 
The  transformation  rotates  the  data  to 
bring  the  coordinate  axes  into  alignment 
with  these  planes.  This  rotation  preserves 
all  of  the  Euclidean  data  relationships, 
changing  only  the  viewing  perspective. 

The  transformation  matrix  expresses 
the  relationships  among  the  intensities  in 
each  of  the  six  spectral  bands  and  the 
coordinates  along  each  of  six  axes  in  the 
transformed  space.  Three  of  the  trans- 
formed coordinates,  namely,  "bright- 
ness," "greenness,"  and  "wetness" 
contain  95  percent  of  the  total  data 
variability.  "Brightness,"  a  weighted  sum 
of  all  six  bands,  is  related  to  total  reflec- 
tance and  defines  the  intersection  of  the 
two  planes  in  the  figure.  "Greenness," 
primarily  a  contrast  between  the  near- 
infrared  band  and  the  sum  of  the  visible 
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SPECTRAL  DATA  IN  A  VIEW 
SHOWING  THREE  AXES 


DATA  TRANSFORMED  TO  A 
VIEW  SHOWING  TWO  AXES 


A  Three-Dimensional  Representation  with  two  principal  planes  retains  about  95  percent  of 
the  six-dimensional  spectral  data  that  can  be  used  to  distinguish  among  scenes  containing 
green  plants  and  bare  soil  with  varying  degrees  of  moisture. 


bands,  indicates  the  density  of  green 
vegetation.  "Wetness,"  a  contrast  be- 
tween the  weighted  sum  of  intensities  at 
the  four  shortest  wavelengths  and  those 
of  the  two  longest  wavelengths,  indicates 
the  amount  of  moisture  in  nonvegetated 
soil. 

As  presented,  the  transformation  ma- 
trix represents  an  adjustment  of  simula- 
tion-based results,  using  data  from  three 
actual  scenes  to  fine  tune  the  simulated- 
data  coefficients  to  obtain  the  correct 
alignment  of  the  coordinate  axes  and  the 
data  planes. 

Because  of  the  small  number  of  scenes 
analyzed  to  date,  the  transformation 
must  be  considered  preliminary,  and  its 
direct  applicability  to  other  scenes  should 


be  tested  before  it  can  truly  be  declared 
to  be  invariant;  for  example,  atmospheric 
and  illumination  differences  will  affect  the 
orientation  of  the  data,  and  thus  the  con- 
sistency of  the  transformation,  and 
should  therefore  be  taken  into  account. 
However,  any  adjustments  indicated  by 
analysis  of  more  scenes  are  expected  to 
fall  into  the  category  of  fine  tunings  rather 
than  radical  changes. 

777/s  work  was  done  by  Eric  P.  Crist  and 
Richard  C.  Cicone  of  Environmental  Re- 
search Institute  of  Michigan  for  Johnson 
Space  Center.  MSC-20859  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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and  manages  a  data  base  of  index  terms. 

413  Solving  Finite-Element  Problems  on  a  Concurrent  Processor—  By  use  of 
the  "conjugate  gradients"  technique,  the  concurrent  efficiency  is  greater 
than  90  percent. 

Software 

414  Software  Life  Cycle  Tool  Information 
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Thermal-Shutdown  System  for  Computers 

Protective  system  alerts  users  before  it  shuts 
down  a  mainframe  and  local  peripherals. 


AThermsS  Protection  Circuit  for  an  IBM  4341  computer  uses  an  8085A  microprocessor,  an  8085  2-kbit  static  ran- 
dom-access memory,  an  8251A  programmable  communications  interface,  and  an  8755A  16-kbit  electronically  pro- 
grammable random-access  memory.  A  high-speed  SN74LS138  3-to-8  line  decoder  is  used  for  address  decoding. 


A  thermal-shutdown  system  augments  an  IBM 
4341  computer  running  on  the  VM/CMS  operating 
system.  The  shutdown  system  monitors  computer 
room  temperature  and  alerts  computer  users  of  an 
impending  shutdown  when  the  temperature  be- 
comes too  high.  A  user-defined  shutdown  proce- 
dure is  then  executed  before  power  to  the  proc- 
essor and  local  peripherals  is  turned  off 

The  system,  generated  by  the  U.S.  Army  Re- 
search and  Development  Center,  was  designed 
around  the  8085A  microprocessor  (see  figure).  In- 
put is  from  a  wall-mounted  thermostat.  Discrete 
transistors  amplify  port  outputs  to  three  pilot  lamps 
and  a  dry-reed  relay.  Shutdown  status  is  indicated 
by  the  pilot  lights,  so  large  lamps  were  necessary  to 
monitor  the  status  from  outside  the  secure  area 
housing  the  central  computer.  Power  to  the  com- 
puter and  peripherals  is  interrupted  when  the  reed 
relay  oypasses  an  airflow  sensor  at  the  computer. 

The  8085A  connects  to  the  system  as  a  virtual 
machine  with  as  much  capability  as  the  systems 


programmer  defines  for  it.  This  allOA-s  the  8G85A 
access  to  any  application  available  to  the  system 
operator,  including  automatic  file  backup  and  dial- 
up  of  authorized  personnel.  The  system  is  not  limit- 
ed to  the  current  procedures  and  can  easily  ac- 
commodate future  requirements. 

The  unit  was  designed  to  minimize  computer 
downtime,  thereby  reducing  the  effect  of  a  shut- 
down on  people  who  need  access  to  computer  re- 
sources every  day.  It  nas  been  installed  for  several 
months  and  successfully  tested  many  times.  For- 
tunately, no  malfunction  in  the  air-conditioning 
units  has  yet  forced  it  into  operation. 

FOR  ADDITIONAL  INFORMATION. 

You  can  leam  mere  details  about  this  technology  c        '  N 

Thermal  Shutdown  System  tor  IBM  ■.'.'-»'  Computers 
Order numcer  ADA  i65~V<~. NAA 
Price  code  A02 

Order  from: 
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5285  Port  Royal  Road 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  62B111 


System  for  Automated  Indexing 

A  software/hardware  system  extracts  and 
manages  a  data  base  of  index  terms. 


An  investigation  has  examined  the  development 
of  intelligent  automated  text  indexing.  The  in- 
vestigation, done  for  the  U.S.  Army  Materiel  Com- 
mand, considered  the  construction  of  knowledge 
bases  of  index  terms  and  semantic  relations  ex- 
tracted from  several  types  of  full-text  documents. 
Approaches  to  automating  the  indexing  process 
were  examined,  including  work  related  to  semantic 
knowledge  representation,  knowledge  engineer- 
ing, natural  language  understanding,  and  semantic 
inferencing. 

The  investigation  was  conducted  with  the  aid  of 
a  software  package  using  semantic  networks  both 
for  representing  knowledge  and  for  displaying  a 
graphical  index.  The  index  can  be  browsed  through 
and  manipulated  to  retrieve  knowledge  from  an  on- 
line document  data  base. 

The  investigators  developed  an  approach  to 
language  processing  that  does  not  require  a  large 
lexicon  but  instead  makes  use  of  high-frequency, 
low-content  words  supplemented  with  key  verbs 
and  generic  and  domain-specific  knowledge.  The 
approach  uses  word  order,  prepositions,  and  word 
endings  to  determine  parts  of  speech,  to  identify  in- 
dex terms,  and  to  infer  the  semantic  relations 
among  objects,  modifiers,  actions,  and  attributes. 

The  investigators  defined  the  parameters  of  the 
requisite  seed  knowledge  and  created  a  frame- 
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An  End  User  employs  an  interactive  graphics  interface 
to  retrieve  knowledge.  A  key  element  is  the  knowledge 
engineer,  a  trained  user  who  manually  inserts  know- 
ledge, corrects  errors,  and  resolves  ambiguities. 


work  for  representing  and  making  use  of  verb 
knowledge.  They  demonstrated  the  feasibility  of 
the  approach  in  a  direct  comparison  with  human 
indexing  performance. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 
Artificial  Intelligence  Indexing 

Creating  Knowledge  Bases  ol  Index  Terms  Ordered  by  Semantic 
Relations 

Order  number  ADA166768/NAA 
Price  code  A03 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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ATech  Briel 


Nati  i  lal  Aoroi  lautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Solving  Finite-Element  Problems  on  a  Concurrent  Processor 

By  use  of  the  "conjugate  gradients"  technique, 
the  concurrent  efficiency  is  greater  than  90  percent. 


An  algorithm  applies  the  method  of 
conjugate  gradients  to  the  iterative  solu 
tion  of  finite-element  problems  on  a  con- 
current processor.  With  the  algorithm, 
iteration  rates  are  nearly  proportional  to 
the  number  of  processors.  For  sufficient- 
ly large  problems,  the  fraction  of  propor- 
tional speedup  achieved,  called  the  con- 
current efficiency,  exceeds  90  percent. 
These  results  indicate  that  future  applica- 
tion of  this  and  related  algorithms  to  large 
finite-element  problems  will  depend  pri- 
marily upon  the  applicability  of  iterative 
techniques,  not  upon  issues  of  concur- 
rency or  efficiency. 

Most  finite-element  applications  in- 
volve solving  matrix  elliptic  partial  dif- 
ferential equations  of  the  form  Ax  -  b.  In 
such  an  equation,  x  is  a  vector  of 
unknown  quantities,  to  be  solved  for  at 


Node 


Element 


Figure  1 .  A  Typical  Finite  Element  Applica- 
tion involves  solving  a  matrix  equation  of 
the  form  Ax  =  b.  Vector  x  is  to  be  solved  for 
at  each  node  within  the  problem  domain. 
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Left 


Figure  2.  This  Protocol  Governs  the  handling 
cessors  in  the  two-dimensional  case, 
each  node  in  the  Droblem  domain  (see 
Figure  1).  A  is  the  "stiffness"  matrix, 
which  contains  the  terms  that  determine 
the  interaction  among  the  different 
unknown  degrees  of  freedom  in  x.  The 
forcing  terms  or  boundary  values  are  in- 
troduced through  the  vector  b. 

Each  entry  of  A  is  computed  by 
performing  integrals  over  the  elements 
that  include  the  node  in  question.  The  stif- 
fness matrix  therefore  consists  of  an 
assembly  of  individual  element  matrices, 
which  are  mapped  into  the  "global" 
matrix  A  through  a  master-equation  book- 


of  shared  degrees  of  treedoi.i  between  pro 

keeping  scheme. 

The  conjugate-gradient  sc'ution  meth- 
od is  a  technique  for  iterative'y  searching 
the  space  of  vectors  x  in  such  a  wav  as  to 
minimize  a  function  of  the  residual  errors. 
The  method  involves  a  six-step  algorithm 
that  involves  two  basic  kinds  of  opera- 
tions: the  vector  inner  product  and  the 
matrix-vector  product.  Both  operations 
are  done  in  parallel  by  decomposing  the 
problem  into  regions  correspondmg  to 
the  physical  domain  of  the  problem.  A 
given  "global"  vector  is  spread  oul 
among  the  processors  ol  a  cc  ncurrent 
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ensemble,  with  concurrent  operations 
being  performed  on  the  various  "pieces" 
of  the  vectors  in  each  processor.  The 
only  need  for  information  from  outside  a 
given  processor  occurs  when  nodes  on 
the  boundary  between  the  "jurisdictions" 
of  the  two  processors  are  computed. 

Figure  2  illustrates  schematically  the 
protocol  for  handling  shared  degrees  of 
freedom  between  processors  in  a  two-di- 
mensional finite-element  grid.  Each  pro- 
cessor obeys  a  convention  by  which  it  ac- 
cumulates contributions  to  global  vector 
quantities  from  neighboring  processors 
along  the  right  and  lower  edges  of  its 
region.  Contributions  arising  from  de- 
grees of  freedom  along  the  left  and  upper 
edges  are  sent  to  the  neighboring  pro- 


cessor for  accumulation.  (The  lower-right 
and  upper-left  corner  degrees  of  freedom 
are  passed  twice  in  reaching  their  desti- 
nations.) Final  up-to-down  and  left-to-right 
shifts  redistribute  the  final  sums  of  all 
contributions  to  all  the  neighboring  pro- 
cessors. 

The  scheme  is  applicable  to  any  multi- 
ple-instruction, multiple-data  computer 
that  supports  the  global  broadcast  of  data 
from  a  designated  controlling  process  or 
processor  to  the  concurrent  array,  the 
transmission  of  unique  data  messages 
between  array  elements  and  the  control 
process,  and  element-to-element  data 
transmission  between  nearest  neighbors. 
A  finite-element/conjugate-gradient 
program  was  tested  on  a  series  of  two-di- 


mensional plane/strain  elasticity  prob- 
lems. In  these  tests,  the  Mark  II  hyper- 
cube  computer  was  used  in  configurations 
from  one  node  (O-dimensional  cube) 
through  the  full  32  nodes  (5-dimensional 
hypercube).  The  problems  were  formulat- 
ed as  rectangular  arrays  of  elements  with 
boundary  displacements  imposed  to  pro- 
duce a  simple  shear-field  solution.  The 
problems  were  solved  using  1 , 2, 4, 8, 16, 
and  32  processors.  Concurrent  efficien- 
cies ranged  from  76  to  98  percent. 

This  work  was  done  by  Gregory  A. 
Lyzenga,  Arthur  Raefsky,  and  Bradford 
H.  Hager  of  Caltech  for  NASA's  J@t  Pro- 
pulsion Laboratory.  NPO-16745  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


Computer 
Software 


Data  &  Analysis  Center  for  Software 

A  DOD  Information  Analysis  Center 

Software  Life  Cycle  Tool  Information 

A  central  source  is  provided  of  software  life  cycle  tool  information 
through  the  Software  Tool  Information  (STI)  acquisition  program. 
The  DACS  actively  identifies  software  tools,  solicits  information 
on  these  tools,  compiles  general  characteristics  about  the  tools, 
and  inserts  tool  information  into  a  standard  taxonomy  within  the 
STI  database. 

The  initial  software  tool  database  was  developed  by  the  National 
Bureau  of  Standards  (NBS)  and  was  transferred  to  the  DACS  for 
continual  update  and  maintenance.    Tools  within  the  STI  database 
are  classified  within  the  following  categories: 

.  Program  Construction  and  Generation 

.  Requirements/Design  Specification  and  Analysis 

.  Software  Management  Control  and  Maintenance 

.  Software  Modeling  and  Simulation 

,  Software  Support  System/Programming  Environment 

.  Source  Program  Analysis  and  Testing 

The  description  for  each  tool  in  the  database  includes  the  tool's 
classification,  acronym,  date  of  development,  title,  price,  features, 
stage  or  purpose  of  development,  portability,  available  support, 
target  computer,  operating  system,  size,  summary,  implementation 
language,  availability,  distribution  restrictions,  available  docu- 
mentation, references,  and  contacts  for  additional  tool  information. 
More  than  400  tools  are  currently  included  in  the  STI  database. 

Tool  information  is  available  to  DACS  users  in  two  formats:    (1)  the 
"Software  Life  Cycle  Tools  Directory,"  and  (2)  through  a  custom 
search  of  the  STI  database. 

A  set  of  "DACS  Software  Tool  Description  Forms,"  with  instructions 
and  guidelines  for  completing  the  forms,  is  available  upon  request 
from  the  DACS  to  any  organization  wishing  to  provide  tool  in- 
formation for  inclusion  in  the  DACS  STI  database. 

FOR  ADDITIONAL  INFORMATION: 


Mr.  Stephen  Kelly 

Data  &  Analysis  Center  for  Software 

RADC/COED 

Griffiss  AFB,  NY   13441-5700 

(315)  336-0937 
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Nato  i.  il  Aeroi  lautics  ai  id 
Space  Administration 


Program  for  Experimenta- 
tion With  Expert  Systems 

Deductions  are  performed  ac- 
cording to  data  and  to  rules 
set  by  the  user. 


CERBERUS  is  a  forward-chaining, 
knowledge-based  system  program  useful 
for  experimentation  with  expert  systems. 
The  inference-engine  mechanism  in 
CERBERUS  performs  deductions  accord- 
ing to  a  user-supplied  rule  set.  Information 
is  stored  in  an  intermediate  area,  and  the 
user  is  interrogated  only  when  no  appli- 
cable data  are  found  in  storage.  Each 
assertion  posed  by  CERBERUS  can  be  an- 
swered with  a  certainty  ranging  from  0  to 
1 00  percent.  The  rule  processor  stops  in- 
vestigating (or  "firing")  applicable  rules 
when  a  goal  reaches  a  certainty  of  95  per- 
cent or  higher. 

CERBERUS  is  capable  of  operating  for  a 
wide  variety  of  domains.  Sample  rule  files 
are  included  for  animal  identification,  pixel 
classification  in  image  processing,  and 
rudimentary  car  repair  for  the  novice 
mechanic.  The  user  supplies  a  set  of  end 
goals  or  actions  (for  example;  car  needs 


oil;  chemical  is  sulfur),  which  are  obtained 
by  a  combination  of  assertions  (engine 
runs  hot,  and  water  level  is  high;  sample  is 
yellow,  burns,  and  is  a  nonmetallic  solid). 
The  system  complexity  is  decided  by  the 
user's  rule  file,  since  each  assertion  may 
be  composed  of  previous  assertions 
(water  level  is  high  when  engine  is  off; 
choke  is  wedged  open). 

The  CERBERUS  rule  file  is  created  by 
the  user  with  an  ordinary  text  editor  in  free 
format.  The  rule  file  may  contain  com- 
ments, equations,  and  rules.  A  rule  con- 
sists of  assertions  (possibly  linked  by 
operands),  a  conclusion  clause,  and  a 
strength  factor.  The  strength  factor  is  the 
percentage  of  the  final  conclusion  to 
be  determined  by  that  particular  rule.  The 
initial  rule  file  can  be  analyzed  by 
CERBERUS  to  give  a  breakdown  of  voca- 
bulary, and  tables  of  assertions,  equations, 
and  rules:  CERBERUS  provides  options  for 


tracing  the  network  of  rules  as  the  program 
operates,  logging  all  user  replies,  and  re- 
counting the  rules  used  to  reach  a  given 
conclusion  on  an  "as-fired"  basis. 

CERBERUS  is  written  in  FORTRAN  77 
for  interactive  execution  and  has  been  im- 
plemented on  a  DEC  VAX  series  computer 
operating  under  VMS.  The  program  is 
general  in  structure  and  should  be  trans- 
portable to  other  systems.  CERBERUS 
was  developed  in  1985. 

This  program  was  written  by  Steven  W. 
Engle  of  Informatics  General  Corp.  for 
Ames  Research  Center. 
ARC-11688  /TN 
FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC1' 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Electrotechnology 

41 6  Millimeter-Wave  Integrated  Circuits—  A  variety  of  devices,  ranging  from 
simple  to  complex,  have  been  built  in  silicon  arid  in  gallium  arsenide. 

417  Measuring  Shielding  Effectiveness  of  Materials 

418  Printed  Wiring  Boards 

419  Electromagnetic  Compatibility  and  Interference  Measurements 

420  Understanding  Microwave  Radiometers —  A  tutorial  document  aids  in 
designing  these  useful  instruments. 

421  Solenoid-Simulation  Circuit —  Electrical  properties  of  solenoids  are 
imitated  for  tests  of  control  circuits. 

Software 

422  Analyzing  Millimeter-Wave  Mixers —  An  indeplh  analysis  of  the  electrical 
characteristics  will  pave  the  way  to  improved  mixers. 

Testing  &  Instrumentation 

423  Measuring  Helicopter-Antenna  and  Coupler  Performance — 
Components  are  evaluated  on  a  ground  plane  and  on  an  aircraft. 

424  Using  Reverberation  Chambers  tor  Electromagnetic  Susceptibility  Tests 

425  Circuit  for  Lifetime  and  Surface-Recombination  Measurements —  A  test 
circuit  for  silicon  solar  cells  suppresses  spurious  effects. 

Other  items  of  interest 

430       Grid-Optimization  Program  for  Photovoltaic  Ceils—  Power  loss  due  to 
electrical  resistance  and  shadowing  is  minimized 


ANUFACTUFHNG  TECHNOLOGY  NOTE 


U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Fi;ng  Code:  49B074 


Millimeter-Wave  Integrated  Circuits 

A  variety  of  devices,  ranging  from  simple  to  complex, 
have  been  built  in  silicon  and  in  aallium  arsenide. 


A  program  has  developed  millimeter-wave  in- 
tegrated circuits.  The  program  for  the  U.S.  Army 
Research  Office  began  with  simple  components 
such  as  antennas  and  waveguides  and  advanced 
to  more  complicated  devices  such  as  filters  and 
active  circuits,  including  the  first  monolithic 
miliimeter-wave  oscillator. 

The  fundamental  problems  of  planar  antennas 
were  identified,  the  principal  one  being  that  of 
radiation  into  guided  substrate  modes.  To  demon- 
strate that  planar  antennas  could  be  integrated 
with  other  components,  the  researchers  fabricated 
a  dielectric  rod  antenna  with  a  Schottky  diode  in 
silicon  to  form  a  primitive  integrated  receiver. 

A  35-GHz  oscillator  was  also  fabricated.  A 
surface-oriented  Gunn  diode  was  used,  with  the 
resonator  —  a  short-circuited  coplanar  wave- 
guide —  built  monolithically  on  the  same  sub- 
strate. Oscillation  was  obtained  with  output  power 
in  the  3-to  5-milliwatt  range. 

Considerable  effort  was  expended  in  trying  to  in- 
tegrate a  varactor  tuning  diode  into  the  oscillator 
structure.  This  appears  to  be  feasible,  because  the 


epitaxial  doping  profiles  of  the  integrated  devices 
are  compatible.  The  effort  was  unsuccessful,  how- 
ever, because  of  technical  difficulties  with  this  fairly 
complex  gallium  arsenide  Gunn  device. 

Bandpass  filters  were  designed  and  construct- 
ed with  coplanar-waveguide  technology  (CPW). 
The  work  demonstrated  that,  in  spite  of  being  open 
structures,  CPW  bandpass  filters  are  reasonably 
free  of  radiation  loss. 

Receiver  arrays  were  constructed  for  imaging 
Here,  integrated  technology  was  used,  not  to  com- 
bine dissimilar  elements  into  a  single  sophisticated 
receiver,  but  rather  to  construct  an  array  of  very 
simple  receivers,  each  with  its  own  antenna.  Satis- 
factory results  were  obtained  at  69  and  94  GHz. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
Research  on  Devices  tor  Integrated  Millimeter  Wave  Systems. 
Order  number:  AD-A163S03/NAA 
Price  code:  A02 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U  S  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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NBS  technology  update 

Nationa!  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Measuring  Shielding  Effectiveness  of  Materials 

The  shielding  effectiveness  of  a  material  is  a  measure  of  how 
well  it  is  able  to  isolate  a  region  from  electromagnetic  fields. 
Shielding  is  used  to  protect  equipment  from  outside  interference 
or  to  reduce  unwanted  emissions  from  equipment.      While  tra- 
ditional metal  shields  have  characteristics  that  are  well  understood, 
the  recent  use  of  more  complex  materials  with  less  predictable 
shielding  properties,  such  as  plastic  housings  and  composites,  has 
made  measurement  of  the  shielding  effectiveness  essential.     In  A 
Study  of  Techniques  for  Measuring  the  Electromagnetic  Shielding 
Effectiveness  of  Materials,    NBS  reports  on  an  evaluation  of  several 
measurement  approaches. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is 
available  from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     PB86-244183/NAC 

Price  code:     A04 
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U.S.  Air  Force 
Technology  Note 


Printed  Wiring  Boards 

Preliminary  test  results  of  an  Air  Force 
electronics  manufacturing  program  have 
demonstrated  the  value  of  Coefficient  of 
Thermal  Expansion  ( CTE )  matching  on  solder 
joint  reliability. 

The  objective  of  this  program  is  to  estab- 
lish manufacturing  techniques  which  will 
provide  a  reliable  inconnection  technology 
between  printed  wiring  boards  (PWB)  and 
leadless  hermetic  chip  carrier  packages. 

A  comparative  evaluation  of  competing  PWB 
technology  is  being  conducted  by  a  contrac- 
tor team  headed  by  Texas  Instruments  with 
IBM  and  Boeing  Aircraft  Company  as  members. 
The  program  consists  of  three  phases.   In 
the  first  phase,  a  total  of  2  5  available 
PWB  technologies   were   evaluated  by  the 
team.   Seven  technologies  were  identified 
as  likely  candidates  for  surface  mounted 
devices.    The  field  will  eventually  be 
narrowed  to  two. 

In  the  second  phase,  each  of  the  candidate 
technologies  was  used  to  fabricate  a  com- 
mon design.  Populated  PWB "  s  were  subject 
to  thermal  shock  testing  to  provide  a  com- 
parative assessment  of  the  performance  of 
each  candidate.  Three  of  the  candidates, 
plus  two  control  PWB  technologies,  have 
completed  testing,  and  the  remaining  four 
technologies  are  still  in  test. 

An  evaluation  will  be  conducted  of  the 
factors  affecting  the  Printed  Through-Hole 
(PTH)  reliability  to  optimize  the  candidate 
designs.  The  candidate  technologies,  fabri- 
cated using  the  PTH  optimized  design,  will 
undergo  a  full  battery  of  environmental 
tests.  The  results  of  these  tests  will  be 
the  basis  for  the  selection  of  the  two 
standard  PWB  technologies. 
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Phase  III  involves  fabricating  the  two  PWB 
designs  and  the  transfer  of  the  contract 
results  to  industry. 

FOR  ADDITIONAL  INFORMATION: 

Donald  Knapke 

AFWAL/MLTE;  (513)  255-2644 
Refer  to  Texas  Instruments,  Inc. 
Contract  No.  F33615p82-c-5071 
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Electromagnetic  Compatibility  and  Interference 
Measurements 

Electromagnetic  compatibility/interference  measurements  are 
used  to  determine  how  electronic  equipment  undesirably  gener- 
ates or  is  affected  by  electromagnetic  radiation.    Reliable,  ac- 
curate EMC/EMI  measurements  are  essential  to  the  design  and 
operation  of  a  broad  variety  of  electronic  equipment  and  products 
used  in  automotive,  household,  industrial,  business,  and  military 
applications.    Electromagnetic  Compatibility  and  Interference 
Metrology  includes  the  text  material  for  a  short  course  in  EMC/ 
EMI  measurements  presented  by  NBS.    It  sets  out  basic  EMC 
measurements,  and  includes  chapters  on  measurements  made  using 
transverse  electromagnetic  (TEM)  cells,  anechoic  chambers,  open 
fields,  reverberating  chambers,  and  EM  probes.    Other  chapters 
deal  with  measurement  of  the  shielding  effectiveness  of  materials, 
out-of-band  EMC  problems,  conducted  EMI,  and  complicated  elec- 
tromagnetic environments. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is 
available  from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 
NTIS  order  number:  PB87-102489 
Price  code:    A09 
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Radiometers 


licrowave 


A  tutorial  document  aids  in 
designing  these  useful 
instruments. 


A  report  presents  the  principles  of  mi- 
crowave receivers  for  observing  planetary 
surfaces  from  space.  The  report  is  tutorial 
in  nature  and  explains  the  operation  of 
the  receivers  in  enough  detail  to  enable 
the  reader  to  specify  and  qualify  them  for 
spacebome  operation.  It  gives  many  ex- 
amples to  illustrate  practical  design  pro- 
cedures. 

A  microwave  radiometer  is  the  heart 
of  a  radio-astronomy  facility.  In  fact, 
astronomers  have  been  largely  responsi- 
ble for  the  major  technical  refinements  in 
today's  radiometric  equipment.  Com- 
mercial users  and  the  military  have  been 
slower  to  accept  microwave  radiometry, 


probably  because  more  mature  sensors 
and  methods  have  been  available  to 
them.  Nevertheless,  the  remote  sensing 
of  the  atmosphere  and  surface  of  the 
Earth  from  space  has  emerged  as  a  po- 
tentially useful  but  incompletely  de- 
veloped application  for  microwave  radi- 
ometry. Ultimately,  the  disciplines  most 
likely  to  benefit  are  glaciology,  hydrology, 
meteorology,  and  oceanography. 

The  report  discusses  the  principles  of 
operation  of  the  key  components  of  a 
receiver.  It  explains  the  important  dif- 
ferences among  receiver  types.  It  de- 
velops new  definitions  as  neces- 
sary —  when  concepts  have  not  been 


defined  previously,  for  example,  or  when 
there  is  no  universally  accepted  defini- 
tion. 

Mathematical  expressions  are  derived 
for  operating  performance  and  sensitivity 
for  both  the  modulated  and  total-power 
receiver  configurations.  Applied  statis- 
tics has  been  rigidly  adopted  for  preci- 
sion in  interpreting  derived  quantities  and 
in  explaining  uncertainties.  Examples  il- 
lustrate, from  a  thermodynamic  perspec- 
tive, the  transfer  of  energy  from  point  to 
point  in  the  receiver. 

This  work  was  done  by  Joseph  M. 
Stacey  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  NPO-16586  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Solenoid-Simulation  Circuit 

Electrical  properties  of  solenoids  are  imitated  for  tests  of  control  circuits. 
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The  Solenoid-Simulation  Circuit  produces  voltages,  currents,  delays,  and  discrete  turnon  and  turnoff  signals  representing  the  operation  of  a 
solenoid  In  an  engine-control  relay.  Many  such  circuits  are  used  In  simulating  the  overall  engine  circuitry. 


A  simulation  circuit  imitates  the 
voltage  and  current  responses  of  two  en- 
gine-controlling solenoids.  Used  in  tests 
of  the  programs  of  the  digital  engine 
control  circuits,  the  solenoid-simulation 
circuit  also  provides  an  electronic  inter- 
face with  circuits  that  imitate  the  elec- 
trical properties  of  pressure  sensors  and 
linear  variable-differential  transformers 
(LVDT's). 

The  solenoid-return  voltages  in  the  real 
engine  circuits  are  measured  across  sen- 
sing resistors  placed  in  the  engine-con- 
trol panel  and  connected  electrically  in 
series  with  the  solenoids.  Thus,  the 
solenoid-return  voltages  are  proportional 
to  the  solenoid  currents.  The  simulation 
circuit  (see  figure)  puts  out  solenoid- 
return  voltages  that  represent  the  sole- 
noid pulling  and  holding  currents.  For  the 


control-circuit  tests,  it  is  necessary  to  im- 
itate a  pulling  level  of  current  for  a 
specified  duration,  followed  by  a  holding 
level  for  an  indefinite  time. 

Channels  A  and  B  represent  the  two 
solenoids.  Power  resistors  RA  and  RB 
represent  the  coils  of  the  corresponding 
solenoids.  The  time  constants  for  charg- 
ing the  capacitors  at  the  noninverting  in- 
puts of  amplifiers  A,  and  Ag  represent  the 

times  required  to  build  up  the  solenoid 
current  to  the  pull-in  level.  When  the  pull- 
in  level  is  reached  in  channel  A,  amplifier 
A,  sends  a  positive  signal  to  the  "set"  in- 
put of  flip-flop  A  to  represent  the  discrete 
turn-on  of  solenoid  A.  Similar  events  oc- 
cur in  amplifier  A3  and  flip-flop  B  when  the 
simulated  current  of  solenoid  B  reaches 
the  pull-in  level. 


The  flip-flop  output  of  each  channel 
continues  to  indicate  that  the  solenoids 
are  on  as  long  as  the  simulated  solenoid 
current  in  that  channel  equals  cr  exceeds 
the  holding  level.  When  the  simulated 
return  voltage  falls  below  the  holding 
level  in  channel  A,  amplifier  Aj  sei 
positive  signal  to  the  "reset"  input  of  flip- 
flop  A,  causing  the  flip-flop  output  to 
change  and  thereby  indicating  the  turnoff 
of  solenoid  A.  Again,  similar  events  in 
amplifier  A4  and  flip-flop  B  indicate  the 
turnoff  of  solenoid  B. 

The  "solenoid  on"  signal  of  either 
channel  is  fed  through  the  OR  gate  to  a 
master  control  circuit  for  use  in  monitor- 
ing the  test  and  protecting  the  engine- 
control  circuits.  Delayed  versions  of  the 
"solenoid  on"  signal  are  used  to  open 
and  close  LVDT  simulations  and  to  raise 


NTIS  Tech  Notes    May  1987 


0421 


and  lower  pressure  simulations.  The  de- 
lays prevent  false  triggering  from  errone- 
ous inputs  and  simulate  the  delays  en- 
countered in  real  engine  operation. 

For  each  channel,  a  switch  connects 
either  of  two  sets  of  voltages  represent- 
ing two  different  sets  of  holding  and  pull- 
ing currents.  This  is  to  enable  the  simula- 
tion of  two  different  types  of  solenoid  or 
sensing  resistor  used  in  the  real  engine 
circuits.  The  circuit  is  built  on  a  card  with 
an  edge  connector,  and  numerous  such 
identical  cards  are  used  in  the  total  en- 
gine-simulation circuit.  Thus,  all  the  cards 


are  interchangeable,  yet  each  one  can  be 
programmed  via  its  edge  connector. 
Edge-connector  programming  can  also 
include  the  simulation  of  faults  or  the  con- 
nection of  a  real  solenoid. 

This  work  was  done  by  Richard  A. 
Simon  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-29173. /TN 


Georgs  C.  Miarshsll  Spac® 
Right  Center 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Plight  Center, 

AL  35812 

(205)  544-2223 

Patent,  Counsel 

Leon  D.  Wofford.  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Analyzing  Millimeter- 
Wave  Mixers 


An  indepth  analysis  of  the 
electrical  characteristics  will 
pave  the  way  to  improved 
mixers. 

A  series  of  computer  programs  have 
been  developed  to  serve  as  a  tool  in  un- 
derstanding the  behavior  and  the  subse- 
quent optimization  of  millimeter-wave 
mixers.  The  major  program  in  the  collec- 
tion is  a  general  mixer-analysis  program 
that  performs  a  complete  large-  and 
small-signal  analysis  of  a  mixer  with 
known  diode  and  mount  characteristics. 
One  program  analyzes  the  performance 
of  varactor -diode  multipliers,  and  two 
programs  analyze  channel-waveguide 
transformers. 

The  primary  objective  behind  develop- 
ing these  programs  was  to  gain  a  better 
understanding  of  the  factors  that  affect 
the  performance  of  room-temperature, 
single-ended  Schottky-diode  mixers  op- 
erating above  100  GHz.  However,  these 
programs  are  general  enough  to  be  ap- 
plied to  a  wide  variety  of  mixer  problems. 

In  the  mixer-analysis  program,  the 
large -signal  voltage  and  current  wave- 
forms produced  in  the  diode  by  the  local 
oscillator  (LO)  and  the  available  mixer  LO 
power  are  determined  by  a  nonlinear  cir- 


cuit analysis  based  on  the  multiple-reflec- 
tion technique.  This  approach  can  handle 
a  diode  with  any  given  current-versus-vol- 
tage  and  capacitance-versus-voltage  re- 
lationships. 

The  Fourier  coefficients  of  the  large- 
signal  waveforms  are  used  in  a  small- 
signal  analysis  to  obtain  the  mixer  input 
and  intermediate-frequency  (IF)  output 
impedances  and  the  conversion  losses 
between  any  two  side-band  frequencies. 
Both  the  thermal  noise  produced  in  the 
diode  series  resis.ance  and  the  shot 
noise  from  the  periodically  pumped  cur- 
rent in  the  diode  conductance  are  de- 
termined The  effects  of  intervalley  scat- 
tering and  hot-eiectron  noise  can  be 
included  as  approximations. 

The  multiplier-analysis  program  is  a 
variation  of  the  mixer-analysis  program. 
The  analysis  is  performed  for  a  particular 
input  frequency,  available  output  power, 
bias  voltage,  and  a  given  set  of  embed- 
ding impedances 

Two  programs  are  provided  to  analyze 
a  stepped  or  tapered  transformer  of  the 


type  often  used  to  minimize  tne  mis- 
match between  the  mixer  cr  mutliplier 
and  an  impedance-matching,  reduced- 
height,  waveguide.  The  first  program 
finds  the  cutoff  wavenumbers  alone  the 
length  of  the  transition  from  tne  method 
of  transverse  resonance,  and  then  uses 
the  characteristic-impedance  method  to 
calculate  the  reflection  coefficient  as  a 
function  of  frequency.  The  second  pro- 
gram solves  the  wave  equation  i  I 
the  cutoff  wave  numbers,  than  uses  the 
characteristic-impedance  method. 

This  series  of  programs  is  writt  i 
FORTRAN  IVH  for  batch  executic 
has  been  implemented  on  an  IBM 
370-series  computer  The  largest 
program  has  a  central-memory  require- 
ment of  approximately  74K  of  8-bit  bytes. 
The  progiams  were  developed  in  1983. 

These  programs  were  written  by  PH. 
Siegel  and  Aft.  Kerr  of  Goddard  Space 
Flight  Center  and  W.  Hwang  of  Columbia 
University.  GSC-12940/TN 

FOR  ADDITIONAL  INFORMATION 
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Measuring  Helicopter-Antenna  and  -Coupler  Performance 

Components  are  evaluated  on  a  ground  plane  and  on  an  aircraft. 
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Antennas  and  Couplers  To  Be  Tested  are  mounted  on  a  ground  plane  32  ft  in  diameter.  The  performance  of  the  test 
items  is  compared  with  that  of  a  standard  reference  antenna  (right). 


Three  antenna  couplers  have  been  evaluated 
with  various  whip  antennas  to  determine  which 
combination  best  meets  specifications  as  a  re- 
placement for  the  tail  whip  antenna  for  the  UH-1 
helicopter.  The  evaluation  was  done  for  the  U.S.  Ar- 
my Aviation  Systems  Command. 

On  a  32-ft  ground  plane,  swept-frequency  gain 
measurements  were  made  using  the  direct  com- 
parison method  (see  figure).  The  standard-gain 
antenna  (SGA)  was  a  14.5-in.  straight  blade.  Its  gain 
is  directly  traceable  to  tuned  monopoles  measured 
on  the  ground  plane. 

For  each  measurement,  the  antenna  coupler 
and  the  SGA  were  mounted  on  1 -foot-square 
aluminum  plates  in  the  center  of  the  ground  plane 
and  flush  with  it.  Each  of  the  test  items  was  con- 
nected to  the  receiver  through  a  6-dB  pad  to  ensure 
a  good  impedance  match.  The  tests  were  conduct- 
ed with  the  leading  edge  of  the  test  items  facing  the 
illuminating  antenna  and  the  ground  plane  tilted 
downward  20  °. 


Voltage  standing-wave  ratios  (VSWR)  were  also 
measured.  For  these  measurements,  an  automa- 
tic VSWR  tester  was  connected  to  the  item  under 
test  through  a  4-ft  coaxial  cable. 

In  addition,  tests  were  run  on  a  helicopter.  The 
couplers  and  antennas  were  mounted  on  the  heli- 
copter in  their  normal  flight  location.  The  test  instru- 
ments were  housed  in  a  van. 
Project  officer  Frank  Cansler 
(201)  544-2103  or  AV  995-2103. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s). 
VHF-FM  Communications  Antennas  tor  Project  SINCGARS  (UH- 1  Tail 
Whip  and  Cabin  Root  Bent  Whip  Evaluation). 
Order  number:  AD-A163561/NAA 
Price  code:  A06 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Spnnglield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  US.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Using  Reverberation  Chambers  for 
Electromagnetic  Susceptibility  Tests 

A  microwave  reverberation  chamber  is  a  large  metal  enclosure  for  performing 
electromagnetic  interference  (EMI)  susceptibility  (vulnerability)  tests  on  equip- 
ment.    Its  moving  tuner  provides  a  suitably  uniform  electromagnetic  (EM)  field 
within  the  chamber.     This  type  of  chamber  offers  several  potential  advantages 
over  other  methods,  including  high  isolation  from  the  environment,  efficient 
generation  of  intense  EM  fields,  broad  frequency  coverage,  relatively  low  cost, 
potential  for  use  in  emission  testing  as  well  as  susceptibility,  and  no  require- 
ment for  rotation  of  the  equipment  under  test.     The  lowest  frequency  of  oper- 
ation is  typically  several  hundred  megahertz.     In  the  past,  concerns  have  been 
voiced  about  interaction  effects  between  the  chamber  and  the  equipment  under 
test,  and  about  the  interpretation  and  accuracy  of  measurement  results  and 
their  correlation  with  more  conventional  measurement  techniques.     NBS  has  con- 
ducted a  3-year  program  to  evaluate,  develop,  and  document  a  methodology  for 
using  a  reverberation  chamber.     The  detailed  results  of   this  program  are  given  in 
Design,    Evaluation,  and  Use  of  a  Reverberation  Chamber  for  Performing  Elec- 
tromagnetic SusceptibilityyVuFnerabiTity  Measurements. 


FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from  NTIS, 


Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     PB86-227410/NAC 
Price  code:     A07 
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Circuit  for  Lifetime  and  Surface-Recombination  Measurements 

A  test  circuit  for  silicon  solar  cells  suppresses  spurious  effects. 


A  new  circuit  increases  the  accura- 
cy of  measurements  of  the  recombina- 
tion lifetime  and  the  effective  surface 
recombination  velocity  in  a  silicon 
solar  cell.  Essentially  a  fast  electronic 
switch,  the  circuit  grounds  a  forward- 
biased  cell  so  rapidly  that  the  transient 
voltage  to  be  measured  is  not  affected 
significantly. 

Previously,  the  method  of  open-cir- 
cuit voltage  decay  or  of  junction-cur- 
rent recovery  was  used.  The  solar  cell 
was  maintained  initially  under  forward 
voltage  and  current.  Then  a  reverse 
current  was  applied  suddenly,  and  the 
voltage  across  the  cell  was  measured 
as  a  function  of  time.  For  the  open- 
circuit  voltage-decay  method,  the  ap- 
plied reverse  voltage  was  zero;  for  the 
junction-current  recovery  method,  the 
reverse  voltage  was  finite. 

In  either  method,  the  transient  vol- 
tage across  the  solar  cell  was  inter- 
preted by  an  idealized  theory  that  ne- 
glected the  effects  of  mobile  holes  and 
electrons  in  the  space-charge  region  of 
the  cell.  This  theory  is  acceptable  for 
germanium  devices,  which  have  a  low 
energy  gap  and  a  low  proportion  of 
mobile  holes  and  electrons.  In  silicon 
devices,  however,  mobile  holes  and 
electrons  play  a  prominent  role  in 
establishing  the  voltage  transients,  and 
their  presence  creates  errors  in  the  in- 
terpretation of  the  measurements. 

The  new  circuit  avoids  the  problem 
by  placing  a  short  circuit  across  the 
solar-cell  terminals.  The  short  circuit 
removes  mobile  holes  and  electrons 
from  the  space-charge  region,  within 
about  one  nanosecond. 

As  before,  the  solar  cell  is  first  subject- 
ed to  forward  current.  At  the  designated 
switching  time,  a  metal-oxide/semicon- 
ductor transistor  is  switched  on  to  create 
the  short  circuit  (see  figure).  The 
recombination  lifetime  and  the  time  for 
mobile  holes  and  electrons  to  cross  the 
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The  Switching  Transistor  Initially  applies  a  forward  current  to  the  solar  cell  during  the 
interval  when  the  pulse-generator  output  is  high.  At  the  transition  from  Vhl  h  back  to 
V.  ,  the  solar-cell  anode  is  effectively  shorted  to  ground  within  a  nanosecond.  The 
cathode-to-ground  voltage  is  measured  and  recorded  as  it  changes  with  time. 


base  region  so  that  effective  recom- 
bination can  begin  is  more  than  1,000 
times  greater  than  the  1 -nanosecond 
discharge  time  for  the  space-charge 
region.  Therefore,  mobile  holes  and 
electrons  in  the  space-charge  region 
have  negligible  influence  on  the 
measurement  of  the  recombination 
lifetime  and  surface  recombination 
velocity. 

The  short-circuit  method  is  accurate 
for  solar  cells  in  which  the  diffusion 
length  is  about  the  same  as  the  base 
thickness  and  in  which  the  base  doping 


is  uniform.  This  method  can  still  be 
used  for  such  graded-base  devices  as 
the  drift-field  solar  cell  or  the  extended 
back-surface-field  solar  cell,  provided 
that  the  effects  of  the  nonuniform  do- 
pant concentration  are  taken  into  ac- 
count. 

This  work  was  done  by  Frederik  A. 
Lindholm,  Arnost  Neugroschel,  and 
Tae  Won  Jung  of  the  University  of 
Florida  for  NASA'®  J®t  Propulsion 
NPO-16752/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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426  Soot-  and  Smoke-Free  Kerosene  Heaters—  Three  new  concepts  are 
offered. 

427  Low  Cost  Thin  Polymer  Film  Solar  Collectors  (Licensing  Opportunity) 

428  Combustion  Research  and  Ash  Fouling 

429  Synopsis  of  Magneto-hydrodynamic  Power  Generation — A  summary 
reviews  the  state  of  development. 

Software 

430  Grid-Optimization  Program  for  Photovoltaic  Cells—  Power  loss  due  to 
electrical  resistance  and  shadowing  is  minimized. 

Other  items  of  interest 

425       Circuit  for  Lifetime  and  Surface- Recombination  Measurements —  A  test 
circuit  for  silicon  solar  cells  suppresses  spurious  effects. 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  A498 


Filing  Code:  97C002 


Soot-  and  Smoke-Free  Kerosene  Heaters 

Three  new  concepts  are  offered. 


A  study  performed  for  the  U.S.  Army  Natick  Re- 
search, Development  and  Engineering  Center  has 
produced  three  design  concepts  for  heating  the  air 
in  relatively  small  enclosures  such  as  rooms  and 
tents.  Although  additional  laboratory  work  and 
design  development  are  needed  before  any  of  the 
concepts  can  be  implemented,  all  promise  to  re- 
duce sooting  well  below  that  of  currently  used  kero- 
sene heaters. 

The  first  concept  features  a  refractory  cone  that 
provides  a  variable  surface  area  with  constant  fuel 
thickness  to  accommodate  different  firing  rates 
(see  figure),  it  also  uses  a  preheat  zone  for  the  in- 
coming primary  air.  The  refractory  cone  is  de- 
signed to  be  more  readily  heated  to  an  elevated 
temperature  by  radiation  from  the  flame.  Secon- 
dary air  is  introduced  in  a  zone  spaced  away  from 
the  premixing  zone  to  allow  adequate  mixing  of  air 
and  fuel  vapor. 

The  second  concept  employs  a  mixing  chamber 
that  promotes  swirling  and  induced  turbulence  to 
mix  the  primary  air  and  the  vaporized  fuel.  Again,  a 
premixed  zone  is  provided  with  secondary  air  at  a 
location  remote  from  the  primary  mixing  zone.  A 
refractory  liner  is  used  in  the  primary  chamber  to 
provide  a  hotter  surface  for  rapid  evaporation. 

The  third  concept  uses  water  to  help  atomize 
the  fuel.  This  type  of  burner  achieves  performance 
similar  to  that  of  powered  nozzle  systems; 
however,  a  supply  of  water  is  needed. 
Project  officer  Joseph  A.  Mackoul 
(617)  651-5256  or  AV  995-5256. 


Flue 


Flame  Holder/ 
Radiation  Shield 


Premixing  Zone 

Refractory  Cone 
(Various  Shapes) 


Fuel 


A  Refractory  Cone  furnishes  a  uniform  thickness  of  liq- 
uid fuel  at  the  point  of  fuel  injection,  regardless  of  the  fuel 
flow  rate.  The  primary  air  is  preheated  as  it  passes 
through  the  heat  exchanger. 


FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTiS  repc 
Development  or  Conceptual  Designs  tor  an  Improved 
M41  Type  Space  Heater 
Order  number  AD-A167984/NAA 
Price  code.  A03 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield  VA  221& 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  ot  the  ■nto'ma'.  or 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Licensing 
Opportunities 


Technology  Application 


Low  Cost  Thin  Polymer  Film  Solar  Collectors 

This  solar  collector  is  characterized  by  a  low  material  density-  Models  have  been 
built  with  weights  as  low  as  1/2  lb  per  square  foot  "  ten  times  less  than  conven- 
TIONAL designs.  The  material  has  high  strength  to  weight  ratios  and  can  withstand 
wind  loads  in  excess  of  m  mph  and  high  speed  projectile  impacts-  light  weight  per- 
mits easy  installation  and  is  architecturally  compatible  with  existing  buildings- 
Simplicity  of  design  provides  rapid  production  rates,  high  throughput  and  low  per 
unit  capital  costs-  the  collector  is  designed  for  a  drain  back  operation  that  elimi- 
nates the  need  for  anti  freeze  resulting  in  safer,  lower  cost,  and  more  reliable 
operation- 

STAGE  OF  DEVELOPMENT 

A  NUMBER  OF  COLLECTORS  HAVE  BEEN  MADE  AND  TESTED  AND  HAVE  DEMONSTRATED  PROOF  OF  CON- 
CEPT- There  is  a  need  to  investigate  and  perhaps  demonstrate  prototype  production- 

APPLICATIONS 

Competitive  solar  heating  and  cooling  systems  with  high  reliability  and  low  mainte- 
nance- Industrial  applications  will  require  extensions  of  performance  capability- 
Design  integrates  well  with  siding  on  conventional  structures  and  does  not  compromise 
attractiveness  of  building  designs- 

PATENT  STATUS 

PUBLICATIONS 

Wilhelm,  W-G-  and  J- to*.  Andrews,  "The  Development  of  Polymer  Film  Solar  Collectors:  A 
Status  Report,"  BNL-51582 

Wilhelm,  W-G-,  "Thin  Polymer  Film  Collectors  as  a  Contribution  to  the  Solar 
Industry,"  BNL-34937 

ADDITIONAL  INFORMATION 

W-  Marcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National 
Laboratory,  Upton,  Long  Island,  New  York  11973- 
Telephone:  (516)  282-2103,  FTS:  666-2103 
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Combustion  Research  and  Ash  Fouling 

This  technical  note  was  based  on  an  Application  Assessment  Record  from  the 
Morgantown  Energy  Technology  Center,  Office  of  Fossil  Energy,  for  the  U.S. 
Department  of  Energy. 


DOE/TiC/EG-66/079 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


race 

Morgantown  Energy 
Technology  Center 


Technology  Description.  Fundamental 
research  and  development  studies  are 
providing  a  scientific  and  engineering 
data  base  that  supports  the  conventional 
and  advanced  combustion  technology  as- 
sociated with  heat  engine  development. 
Fundamental  data  are  being  developed 
as  well  as  correlations  on  the  combustion 
reactions  and  mineral  matter  transforma- 
tions m  low-rank  coal  (LRC)  combustion 
systems  These  transformations  give  rise 
to  the  high  degree  of  fouling  that  occurs 
with  many  LRC's  containing  high  levels 
of  sodium  in  their  ash.  So  that  the  se- 
venty of  the  problem  can  be  reduced,  the 
technical  data  base  that  is  already  estab- 
lished on  LRC  fouling  is  being  expanded, 
and  fundamental  combustion  alkali  re- 
lease/deposition data  for  heat  engine  ap- 
plications are  being  developed.  A  report 
is  being  prepared  that  describes  the  work 
conducted  from  1962  through  1982  on 
LRC  ash  fouling  at  the  now  University  of 
North  Dakota  Energy  Research  Center  A 
survey  will  be  made  to  assess  the  impact 
of  ash  fouling  and  mitigating  steps  that 
have  been  taken  at  large  operating  power 
plants  that  fire  LRC  Current  research  fo- 
cuses on  factors  influencing  combustion 
phenomena  and  kinetics,  such  as  char/ 
coal  properties,  and  the  effects  of  litho- 
types  and  demineralization.  A  highly  in- 
strumented PDU  combustor  is  used  in 
these  studies  to  determine  the  velocity, 
size,  and  temperatures  of  single  burning 
char  particles  and  the  in  situ  strength  of 
the  fouling  deposits.  For  heat  engine  ap- 


plications, selected  micromzed  and 
cleaned  LRC's  and  LRC  slurries  maae  in 
the  hot-water  drying  process  are  being 
evaluated  in  a  pressurized  turbine  simu- 
lator These  premium  fuels  have  both  low 
ash  and  sodium  contents. 

Why  Is  This  Better  Than  Existing  Tech- 
nology? Research  provides  the  fundamen- 
tal data  that  are  unique  to  LRC  and  that 
are  needed  for  the  basic  understanding 
of  combustion  phenomena  and  asso- 
ciated mineral  transformations.  Existing 
technology  seeks  to  control,  rather  than 
eliminate,  the  effects  of  fouling  by  in- 
creased soot  blowing,  maintenance,  and 
even  deration  The  ultimate  goal  is  to  elim- 
inate fouling  problems.  The  evaluation  of 
premium  LRC  fuels,  under  simulated  heat 
engine  conditions,  will  allow  the  displace- 
ment of  oil  and  gas  currently  used  in 
these  applications 

Stage  of  Development.  Combustion 
and  fouling  studies  are  conducted  in  the 
laboratory  and  in  a  75-lb  PDU  combus- 
tor Samples  of  premium  fuels  have  been 
delivered  to  the  site  for  parametric  test- 
ings m  a  simulated  turbine  The  fouling 
survey  has  been  initiated 

Potential  Uses  and  Spinoffs.  Fundamen- 
tal models  of  combustion  kinetics  as  a 
function  of  LRC  composition  will  provide 
an  underlying  data  base,  supporting  the 
use  of  LRC  in  existing  and  advanced  com- 
bustion systems  Fouling  control  strate- 
gies and  the  processes  that  are 
developed  can  allow  the  greater  utiliza- 
tion of  LRC  m  these  systems. 
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FOR  ADDITIONAL 
INFORMATION 


DOE  report(s): 

J  P.  Hurley.  M.  I  Jones,  and  B.  G.  Miller, 

Correlation  of  Coal  Characteristics  and 

Fouling  Tendencies  of  Various  Coals  from  the 

Gascoyne  Mine,  in  Proceedings  of  the  1  3th 

Biennial  Lignite  Symposium  Technology  and 

Utilization  of  Low-Rank  Coal 

Report  number   DOE/FE/60181    1 36 / NAB 

Order  number  DE85010357 / NAB 

Price   $9  9  b 

Morgantown  Energy  Technology  Center 

Proceedings  of  the  1 3th  Biennial  Lignite 

Symposium  on  Technology  and  Utilization  of 

Low  Rank  Coal.  Vols    1  and  2 

Report  number  DOE  /  METC-86 /6036- 

Vol  I  /NAB 

Order  number  DE86001 076 /NAB 

Price   $28  95 

Report  number  DOE / METC  86/6036 

Vol.2  /NAB 

Order  number  DE86001 077 /NAB 

Price:  $28  95 


Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 

For  additional  information,  contact: 
Leland  E  Paulson        ' 
Grand  Forks  Project  Office 
Morgantown  Energy  Technology  Center 
P.O.  Box  7206.  University  Station 
Grand  Forks.  ND  58202 
Telephone  No.   (701)  795-8165 


NASATech  Brief 


National  Acin >\ iauli(  s am: 
Space  At  In  nt  ii'. tr.it n  n 


Synopsis  of  Magneto- 
hydrodynamic  Power 
Generation 

A  summary  reviews  the  state 
of  development. 


A  concise  summary  of  magnetohydro- 
dynamic  (MHD)  theory,  history,  and  future 
trends  is  presented  in  a  report.  Worldwide 
research  on  MHD  is  covered,  and  select- 
ed data  from  key  research  projects  are  in- 
cluded. A  magnetohydrodynamic  genera- 
tor  produces  electric  current  by  passing  a 
fluid  at  high  speed  through  a  strong  mag- 
netic field.  The  fluid  may  be  an  ionized 
gas,  a  plasma,  or  a  liquid  metal.  Although 
much  work  remains  to  be  done  in  this 
field,  magnetohydrodynamic  generators 
offer  the  potential  for  high  efficiency,  low 
power  cost,  and  cleaner  emissions. 

Operating  at  about  3,000  K,  a  typical 
magnetohydrodynamic  generator  pre- 
sents major  materials  problems.  For  ex- 
ample, the  channel  and  the  electrodes 
are  subject  to  erosion  and  to  damage  by 


heat.  In  addition,  reducing  heat  loss  and 
decreasing  the  cost  of  the  magnet  are 
major  concerns. 

The  fact  that  magnetohydrodynamic 
generators  produce  direct  current  rather 
than  alternating  current  can  be  a  hin- 
drance, since  dc-to-ac  inverters  are  ex- 
pensive. However,  many  industries  — 
metal  processing,  for  example  —  need 
dc. 

The  report  notes  that  despite  the  disad- 
vantages, magnetohydrodynamic  power 
generation  appears  to  be  one  of  the  best 
ways  to  utilize  domestic  coal  reserves. 
Over  a  period  of  time,  the  high  initial  costs 
would  be  absorbed  by  lower  production 
costs.  Equally  important,  a  coal-fired 
magnetohydrodynamic  powerplant  would 
pollute  the  environment  far  less  than  does 


a  conventional  steam  plant: 

•  It  would  reject  only  half  the  heat  of  a  con- 
ventional plant. 

•  Particulate  pollution  would  be  removed 
by  the  alkali-metal  seed-recovery  setup 
that  would  be  a  necessary  part  of  an  ionic 
magnetohydrodynamic  system. 

•  Nitrous  oxide  and  sulfur  dioxide  could 
readily  be  removed. 

This  work  was  done  by  James  L  Smith 
of  Marshall  Space  Right  Center  Further 
information  may  be  found  in  NASA  TP- 
2331  [N84-25458/NSP],  ■'Magnetohydro- 
dynamic Power  Generation. " 

Copies  maybe  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A03J    The 
report  is  also  available  on  microfiche  at  no 
charge.    MFS-27073 /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PO.  Bex  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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lUASATechBrief 


National  Aeronautics  and 
Space  Administration 


Software 


Grid-Opfsmization  Program 
for  Photovoltaic  Cells 


Power  loss  due  to  electrical 
resistance  and  shadowing  is 
minimized. 

The  CELLOPT  program  was  developed 
to  assist  in  designing  the  grid  pattern  of 
current-conducting  material  on  a  photovol- 
taic cell.  CELLOPT  analyzes  the  parasitic 
resistance  losses  and  shadow  loss  asso- 
ciated with  the  metallized  grid  pattern  on 
both  round  and  rectangular  solar  cells. 
Although  CELLOPT  can  perform  sensitivity 
studies,  it  is  used  primarily  to  optimize  the 
grid  design  in  terms  of  the  bus  bar  and  grid 
lines  by  minimizing  the  power  loss. 

The  collecting  bus  bar  may  be  of  the 
same  metal  and  thickness  as  the  grid  lines 
or  it  may  be  "strapped",  i.e.,  thicker  and  of 
a  different  material.  The  bus  bar  is  or- 
thogonal to  the  grid  lines.  A  round  cell  may 
have  one  or  two  bus  bars,  and  a  rectangu- 
lar or  square  cell  may  have  any  number. 


The  power-loss  analysis  in  CELLOPT 
calculates  the  contact  resistance;  shadow 
loss;  and  resistances  due  to  the  photo- 
voltaic sheet,  grid  lines,  and  bus  line.  The 
optimization  method  follows  a  modified 
Newton-Raphson  procedure.  To  optimize 
the  grid  design  the  designer  may  choose 
any  two  or  all  three  of  the  following 
variables:  bus-bar  width,  grid-line  width, 
and  grid-line  spacing. 

rhe  user  must  supply  such  cell  elec- 
trical parameters  as  the  maximum  voltage 
and  current  density,  the  resistivity  of  the 
metal  and  semiconductor  sheet  materials, 
and  the  locations  of  the  bus  bars. 
CELLOPT  calculates  the  minimum  total 
power  loss  for  a  given  set  of  character- 
istics and  tabulates  such  information  as 


the  component  power  losses,  volumes, 
and  shadows. 

CELLOPT  is  written  in  APL  for  interac- 
tive execution  and  has  been  implemented 
on  a  UNIVAC  1100-series  computer.  This 
program  was  developed  in  1985. 

This  program  was  written  by  Ronald  E. 
Daniel  and  Thomas  S.  Lee  of  Caltech  for 
NASA's  Jet  PmpuMm  Laboratory. 
NPO-16804  /TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC* 

112  Barrow  Hall 

University  of  Georgia 

Athens,  GA  30602 

(404)  542-3265 
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Engineering 


431  Technology  Transfer  From  Gun  Dynamics —  Among  promising  fallout 
technologies  is  one  for  tracking  and  positioning  the  position  of  erratically 
moving  objects. 

432  Predicting  Catastrophic  Pressure-Vessel  Failure —  An  analytical  method 
uses  a  plot  of  strain  ratios  for  three  different  steel  conditions. 

433  Effects  of  Blade  Dissimilarities  on  a  Helicopter  Rotor—  An  analytical 
method  yields  experimentlike  results. 

434  Elastic/Plastic  Unloading  in  Thick  Tubes —  Kinematic  hardening  theory  is 
applied  to  stress  analysis. 

435  Lightweight  Corrugated-Core  Sandwich  Construction  for  Fleet 
Application 

436  Storing  Chemicals  in  Packed  Spheres —  Reactants  would  be  released  by 
crushing  or  puncturing.  (Licensing  Opportunity) 

437  Improved  Joint  Design  for  Box-Stiffened  Panels—  Photoelastic  models 
are  used  to  visualize  stress  concentrations. 

438  Multiple  Grids  in  Finite-Difference  Flow  Analysis —  Multiple  solutions  are 
superimposed  to  resolve  flows  about  complex  configurations.  (Licensing 
Opportunity) 

439  Lightweight,  Nesting  Struts—  Hollow  cones  are  easily  assembled  to  form 
trusses.  (Licensing  Opportunity) 

440  Near  Identifiability  of  Dynamical  Systems —  Concepts  regarding 
approximate  mathematical  models  are  treated  rigorously. 

441  Flexible-Rotor  Balancing  Demonstration —  Treating  the  rotor  as  a  flexible 
body  at  low  rotational  speeds  allows  balancing  without  highspeed  tests. 

442  Analysis  of  Leakage  Flows  in  Turbomachinery —  Navier-Stokes 
calculations  predict  leakage  flow  in  a  high-pressure  fuel  pump. 

Software 

443  THERMIT2,  BWR  and  PWR  Thermal-Hydraulic  Analysis  Computer 
Program 

444  Advanced  Rotordynamic  Nonlinear  Transient  Simulation —  Loads  and 
displacements  are  predicted  for  a  variety  of  rotating  machinery. 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:   79E015 


Technology  Transfer  From  Gun  Dynamics 

Among  promising  fallout  technologies  is  one  for  tracking 
and  positioning  the  position  of  erratically  moving  objects. 


Volume  1  of  a  2-volume  document  compiled  by 
the  U.S.  Army  Armament  Research  and  Develop- 
ment Center  presents  17  papers  from  a  sym- 
posium on  gun  dynamics.  The  papers  deal  with 
analysis,  design,  measurement,  and  automation. 

Among  the  many  papers  having  technology- 
transfer  potential  is  one  on  a  nonlinear  tracking 
filter.  The  filter  is  used  to  track  the  present  position 
of  an  aircraft  and  to  predict  its  future  positions.  It 
employs  data  on  aircraft  attitude  angles  (yaw,  pitch, 
and  roll)  in  addition  to  the  usual  radar  measure- 
ments. The  attitude  data  produce  a  dramatic  im- 
provement in  the  ability  to  track  violently  maneu- 
vering aircraft. 

The  12-state,  extended  Kalman  filter  models 
both  translationa!  and  rotational  degrees  of  free- 
dom. By  measuring  and  estimating  attitude,  the 
filter  approximately  determines  the  magnitude  and 
direction  of  the  force  system  acting  on  the  aircraft 
and  therefore  determines  the  linear  acceleration  of 
the  aircraft. 

Data  on  acceleration  are  then  used  to  improve 
the  estimate  of  present  and  future  positions.  In  a 
simulation  of  a  T-38  aircraft  in  a  5g  turn,  the  new 
filter  was  6  times  more  accurate  in  tracking  than 
conventional  trackers  (see  figure). 
Project  officer  John  Vasilakis 
(518)  266-5019  or  AV  974-5019. 


FOR  ADDITIONAL  INFORMATION 

Yt>i/  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 
Proceedings.  Fourth  US.  Army  Symposium  on  Gun  Dynamics 
Vol.  I  ot  II  Vols. 

Order  number  AD-A162134/NAA 
Price  code.  A13 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 
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The  Actual  and  Predicted  One-Second  Positions  of 

an  Aircraft  undergoing  a  bg  banking  turn  to  the  right  are 
shown  schematically.  The  actual  positions  (and  atti- 
tudes) of  the  aircraft  are  indicated  by  the  aircraft 
symbols;  the  positions  predicted  from  a  conventional 
translation  tracker  are  indicated  by  O's;  the  positions 
predicted  from  an  attitude/translation  tracker  are  indi- 
cated by  x's. 


This  document  was  prepared  under  the  sponsorship  ot  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  ot  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  Information 
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Predicting  Catastrophic  Pressure-Vessel  Failure 

An  analytical  method  uses  a  plot  of  strain 
ratios  for  three  different  steel  conditions. 


A  calculation  procedure  predicts  fatigue  failure 
of  thick-walled  cylinders  containing  discontinuities 
at  the  outside  diameter.  In  the  procedure  devel- 
oped by  the  U.S.  Army  Armament  Research  and 
Development  Center,  both  crack-initiation  life  and 
crack  growth  are  considered. 

The  elastic/plastic  strains  at  an  outer-surface 
discontinuity  are  estimated  from  elastic  analysis 
and  stress-concentration  factors.  The  strain  esti- 
mates are  used  in  conjunction  with  low-cycle  fa- 
tigue data  to  determine  the  initiation  life.  Crack- 
growth  life  is  estimated  by  integration  of  a  power- 
law  relationship. 

Two  notch  configurations  were  studied  —  one 
with  a  single  notch  and  one  with  four  notches.  The 
material  at  the  roots  of  the  notches  was  assumed 
to  respond  to  loading  in  the  same  way  as  a  smooth, 
cylindrical,  low-cycle  fatigue  sample.  Through  the 
estimation  of  the  strain  range  that  the  material  at 
the  notch  tip  is  subjected  to,  the  number  of  cycles 
required  to  initiate  a  crack  can  be  determined.  This 
was  done  with  a  plot  of  strain-range  versus  cycles- 
to-failure  (see  figure).  The  plot  was  developed  from 
measurements  of  smooth  cylindrical  specimens  of 
the  same  steel  used  in  the  pressure  vessels 
studied. 

The  results  from  this  method  of  analysis  were 
compared  with  measured  fatigue-life  data  for  se- 
veral outer-discontinuity-initiated  failures.  The  ana- 
lytic and  measured  data  agreed  within  about  10 
percent. 
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Low-Cycle  Fatigue  Data  for  the  steel  used  in  notched- 
cylinder  pressure-vessel  specimens  are  shown.  Strain 
ratio  (R)  =  0  indicates  no  autofrettage;  R  =  0.5  repre- 
sents high  tensile  residual  stress;  R  =  0.25  represents 
the  middle  ground  between  these  extremes. 

Project  officer  Joseph  A.  Kapp 
(518)  266-5319  or  AV  974-5319. 
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Effects  of  Blade  Dissimilarities  on  a  Helicopter  Rotor 

An  analytical  method  yields  experimentlike  results. 


Direct  time  integration  of  the  motion  equations 
and  time-  and  frequency-domain  analysis  of  the  re- 
sulting time  histories  have  been  used  to  study  the 
effects  of  small  amounts  of  blade-to-blade  dissimi- 
larities on  the  dynamics  of  a  rotor-body  system.  A 
system  of  this  type  (see  figure)  is  governed  by  dif- 
ferential equations  with  periodic  coefficients.  This 
analytical  approach,  which  was  developed  in  a 
study  by  the  U.S.  Army  Aviation  Research  and 
Technology  Activity  (AVSCOM),  has  the  advantage 
of  giving  the  same  sort  of  physical  insight  that  one 
obtains  from  an  experiment. 

Small  amounts  of  mismatch  in  the  nonrotating, 
isolated-blade  frequencies  of  a  rotor  were  found  to 
alter  the  frequencies  of  the  system  only  slightly. 
The  most  noticeable  effect  of  the  blade-to-blade 
dissimilarities  was  the  appearance  of  many  new 
peaks  in  the  spectrum  at  frequencies  equal  to 
those  of  the  expected  vibration  modes. 

These  side  peaks  are  the  physical  manifesta- 
tions of  the  periodic-mode  shapes  of  Floquet 
theory,  illustrating  the  idea  of  multivalued  frequen- 
cies. Coupling  between  the  previously  uncoupled 
multiblade  collective  coordinate  and  the  non- 
rotating  coordinates  comes  about  through  the  side 
peaks  when  the  blades  are  not  matched. 

Including  the  rotor-shaft  degree-of-freedom  in 
the  calculations  greatly  reduces  the  extent  to 
which  the  rotating-system  modes  appear  in  fixed- 
system  coordinates.  The  shaft  freedom  shifts  the 
collective-mode  frequencies  so  that,  even  if  the 
mode  does  not  appear  in  the  fixed  system,  it  is  less 
likely  to  interfere  with  any  mode  of  interest. 
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Illustrating  Baseline  System  Behavior,  system  fre- 
quencies are  shown  as  a  function  of  rotor  speed  for  the 
soft-body  configuration  with  three  identical  blades.  The 
data  points  were  obtained  by  applying  a  sinusoidal  force 
to  the  x-body  degree-of-freedom  at  about  the  progres- 
sing- or  regressing-mode  frequency,  or  by  using  a  small 
x  displacement  as  an  initial  condition,  as  necessary 

FOR  ADDITIONAL  INFORMATION: 
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ESastic/Plastic  Unloading  in  Thick  Tubes 

Kinematic  hardening  theory  is 
applied  to  stress  analysis. 


The  U.S.  Army  Armament  Research  and  De- 
velopment Center  has  developed  a  closed-form  so- 
lution for  elastic/plastic  loading  and  unloading  in 
pressurized  thick-walled  cylinders.  The  solution 
uses  Tresca's  yield  criterion,  the  associated  flow 
theory,  and  a  kinematic  strain-hardening  rule. 

Numerical  results  were  calculated  for  displace- 
ments, strains,  and  stresses  during  loading  and  un- 
loading (see  figure).  The  solution  was  based  on  the 
kinematic  theory. 

In  addition,  results  were  calculated  on  the  basis 
of  the  isotropic  hardening  theory.  According  to  this 
theory,  there  is  no  reverse  yielding.  The  numerical 
results  indicate  that  the  effect  of  hardening  rules  on 
the  residual  hoop  stresses  is  significant,  especially 
near  the  bore  of  the  cylinder.  Many  plasticity 
theories  for  reverse  yielding  have  been  proposed 
and  reviewed,  and  many  computer  programs  have 
been  developed.  It  is  believed  that  the  numerical 
results  based  on  other  theories  will  fall  within  the 
limits  obtained  with  the  kinematic  and  isotropic 
hardening  models. 
Project  officer  Peter  C.  T.  Chen 
(518)  266-5319  or  AV  974-5319. 
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The  Effect  of  Hardening  on  the  relation  between  inter- 
nal pressure  factor  p/Kq  and  the  dimensionless  elas- 
tic/plastic interface  gla  is  plotted  for  the  case  of  a  closed- 
end  thick-walled  cylinder.  The  parameter  m  is  the 
hardening  parameter.  Larger  values  of  the  hardening 
parameter  tend  to  reduce  the  beneficial  hoop  stress  at 
the  bore.  (Note:  p  is  the  internal  pressure,  Kq  is  the  initial 
yield  stress,  a  is  the  internal  radius,  and  q  is  the  radius  of 
the  elastic/plastic  interface.) 
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Lightweight  Corrugated-Core  Sandwich 
Construction  for  Fleet  Application 


The  David  Taylor  Nava!  Ship  R&D 
Center  (DTNSRDC)  is  reaching  a 
milestone  in  the  development  of 
lightweight  corrugated-core  sandwich 
(LCS)  construction  for  fleet  application, 
providing  the  Navy  with  an  alternative  to 
conventional  steel  plate-beam 
construction. 

Two  bulkhead  and  deck  structure 
modules,  measuring  approximately  64  x 
45  x  9  ft  and  46  x  12  ft  (deck  only),  have 
been  fabricated  and  installed  successful- 
ly on  a  major  Navy  ship.  The  modules 
have  been  fabricated  out  of  3 16L  stainless 
steel  sheet  and  core  material  (0.030  in. 
to  0.060  in.  thickness)  through  the  use  of 
a  spot-welding  process  called  NAV- 
TRUSS  (manufactured  by  TRE- 
ASTECH  Corporation)  for  attaching  the 
face  sheets  to  the  corrugated  core.  Panel 
sizes  range  from  20  x  9  ft  to  24  x  16ft, 
with  a  core  height  of  0.75  in.  to  2.0  in. 

This  effort  represents  a  first-time  Navy 
application  of  (LCS)  construction  for 
decks  supporting  heavy  foundations,  live 
loads,  dead  loads,  and  distributive 
systems  and  will  set  the  trend  for  future 
installations  into  the  fleet. 

For  the  near  term  (FY  87-88),  ship  ap- 
plications may  include  deck  edge  elevator 


and  hanger  bay  division  doors.  This  ap- 
plication will  allow  the  U.S.  Navy  state- 
side shipyards  to  gain  hands-on  ex- 
perience in  LCS  panel  welding,  fabrica- 
tion, assembly,  and  shipboard  installa- 
tion, as  well  as  providing  the  fleet  with 
a  30-  to  35-percent  weight  reduction  over 
conventional  steel  plate-beam  structures. 
Research  efforts  (near  term)  are  being 
planned  at  DTNSRDC  to  validate  LCS 
in  the  area  of  in-plane  shear  and  compres- 
sion loading  in  order  to  extend  earner 
fleet  applications  to  secondary  loaded 
structural  bulkheads.  Additional  LCS  ap- 
plications are  now  being  planned  thmugh 
the  1990s  to  include  additional  deck  and 
bulkhead  structures  (non-primary). 


For  Additional  Information: 

Backup  material  on  this  effort  is 
available  from: 

Navy  Domestic  Technology  Fact 

Sheet  Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 

Refertollll03/TN 
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Storing  Chemicals  in  Packed  Spheres 


Reactants  would  be  released 
by  crushing  or  puncturing. 


According  to  a  concept  for  material 
storage,  chemical  reagents  or  other  sub- 
stances would  be  encapsulated  separate- 
ly in  small,  densely  packed  spheres.  The 
spheres  could  be  made  of  metal  or  other 
suitable  material.  They  could  be  loose, 
forming  a  pourable  mass,  sintered,  or 
glued  together  in  a  rigid  structure  (see 
figure). 

The  filling  material  could  be  a  gas  —  for 
example,  hydrogen  to  be  burned  as  a  fuel. 
There  are  two  advantages  to  storing  hydro- 
gen in  this  way:  Small  quantities  can  be 
dispensed  as  needed,  and  a  leak  is  likely  to 
involve  only  the  small  volume  of  one  or  a 
few  spheres,  thereby  presenting  a  smaller- 
than-usual  risk  of  explosion. 

Some  of  the  spheres  in  a  mass  could  be 
filled  with  an  epoxy  resin  or  other 
monomer,  while  others  could  be  filled  with 
the  corresponding  hardener  or  catalyst. 
The  spheres  would  be  manufactured  in  the 
required  ratio  and  mixed  together  in  form- 
ing the  mass.  The  catalyst  and  resin  would 
be  released  for  mixing  by  puncturing  or 
crushing  the  required  number  of  spheres 
at  the  mixing  site. 

Another  variation  might  be  the  perma- 
nent storage  of  reusable  materials  in  cap- 
sules —  for  example,  magnetic  material 


Tightly  Packed  Spheres 
Sintered  or 
Glued  Together 


Agglomerated  Gas-Filled  Spheres  are  hexagonally  close  packed  and  sintered  or  glued 
together  into  rods  that  are  strung  together  at  their  ends.  The  rods  are  fed  into  a  crushing 
machine  to  release  the  material  in  the  spheres  as  it  is  needed. 


for  use  in  magnetic  brakes.  The  flowing 
magnetic  material  tends  to  agglomerate, 
thereby  preventing  the  necessary  even 
distribution  over  the  magnetic-braking 
area.  In  such  an  application,  agglomera- 
tion might  be  controlled  by  storing  the 
magnetic  material  in  small,  loose  alumi- 
num spheres. 

This  work  was  done  by  Taylor  G.  Wang 
and  Daniel  D.  Elleman  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL  Refer  to  NPO-16316./TN 
Jet  PropuSslon  Laboratory 
Technology  Utilization  Manager: 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Improved  Joint  Design  for  Box-Stiffened  Panels 

Photoelastic  models  are  used  to  visualize  stress  concentrations. 


An  aircraft  fuselage  structure  must 
contain  an  internal  pressure  and  carry 
the  fuselage  compressive  loads.  Op- 
timization techniques  can  be  used  to 
find  efficient  stiffened  structures  to 
carry  the  compressive  loads,  but  the 
internal  pressure  induces  cyclic  tensile 
loading  transverse  to  the  stiffeners  that 
will  determine  the  structural  fatigue 
life.  Therefore,  in  addition  to  carrying 
the  compressive  loads  without  buck- 
ling, an  efficient  stiffened  fuselage  wall 
must  demonstrate  an  adequate  cycle  life. 
Mass  and  strength  analyses  and  system 
requirements  have  identified  a  titanium- 


box-stiffened-skin  wall  (see  Figure  1 )  as  a 
candidate  for  the  lightweight  fuselage 
of  a  pressurized  vehicle. 

Test  results  identified  a  severe  stress 
concentration  at  the  junction  of  the  box 
stiffeners  with  the  panel  skin .  The  stress 
concentration  would  limit  the  number  of 
cycies  to  failure  below  the  desired  ser- 
vice life  of  1 06  cycles  at  50,000  psi  (340 
MPa).  Photoelastic  models  of  the 
stiffener-to-skin  joint  were  used  to  iden- 
tify quickly  modifications  to  the  joint 
that  would  lower  the  severity  of  the 
stress  concentration.  Results  with 
various  photoelastic  models  cut  from 


polyurethane  sheet  led  to  a  novel 
diffusion-bond  joint  with  a  reduced 
stress  concentration.  For  verification, 
titanium  test  specimens  of  this  joint  in- 
dicated that  the  desired  cycle  life  could 
be  achieved  at  the  desired  stress  level 
with  the  box-stiffened-skin  panel. 

Photoelastic  model  A  in  Figure  2,  of 
the  standard  doubler  under  a  tensile 
load,  shows  a  severe  stress  concentra- 
tion at  the  bottom  of  the  notch.  Model  B 
of  the  flanged  doubler  shows  a  stress 
concentration  that  also  is  unaccept- 
able. Model  C,  a  chemically  milled  tran- 
sition with  a  generous  radius,  shows  a 
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Figure  1.  The  Titanium-Box-Stiffened  Skin  is  a  candidate  for  use  in  the  walls  of  pressurized  fuselages. 
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stress  concentration  that  is  greatly 
reduced  by  the  large  radius  transition, 
with  an  area  of  nearly  zero  stress  at  the 
raised  corner  of  the  land. 

Model  D  duplicates  a  proposed  joint 
in  which  the  stiffener  lower  cap  would 
be  diffusion  bonded  to  the  chemically 
milled  transition  such  that  the  bond  line 
ends  at  the  corner  of  the  land,  where 
the  stresses  are  the  lowest.  Results 
from  model  D  show  that  this  location  for 
the  sharp  notch  of  the  lower  cap-to-skin 
joint  is  out  of  the  area  of  stress  concen- 
tration that  affects  the  cycle  life.  Addi- 
tionally, the  photoelastic-model  results 
show  that  decreasing  the  thickness  of 
the  land  under  the  stiffener  reduces  the 
induced  bending  stresses  caused  by  a 
discontinuous  load  path  and  reduces 
the  stress  concentration  for  this  im- 
proved doubler-joint  design. 

Titanium-fatigue-coupon  test  results 
demonstrated  a  potentially  significant 
loss  in  fatigue  life  associated  with  the 
stress  concentrations  found  in  the 
photoelastic  models.  Titanium  fatigue 
specimens  with  varying  geometric  de- 
tails for  the  improved  doubler-joint 
design  show  that  increased  land  depth 
and  no  flange  overhang  increase  bend- 
ing stresses  in  the  joint,  adversely 
affecting  cycle  life.  A  refined  joint  with  a 
flange  overhang  and  a  thin  land  gives  a 
design  that  provides  the  desired 
106-cycle  life  at  50,000  psi  (340  MPa). 
Results  from  symmetric  specimens 
show  that  further  reductions  in  load- 
path  discontinuity  could  improve  this 
cycle  life  at  even  higher  stresses. 

This  work  was  done  by  Randall  C. 
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Figure  2.  Photoelastic  Models  make  visible  the  stress-concentration  patterns  in  the 
stiffener-to-skin  junctions. 


Davis  of  Langiey  Research  Center 

and  Paul  L  Moses  of  PRC  Kentron,  Inc. 
Further  information  may  be  found  in 
NASA  TP-2480  [N85-33537/NSP],  -Joint 
Design  for  Improved  Fatigue  Life  of 
Diffusion-Bonded  Box-Stiffened  Panels. " 


Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A02] 
LAR-13460/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Multiple  Grids  in  Finite-Difference 
Flow  Analysis 

Multiple  solutions  are  superimposed  to 
resolve  flows  about  complex  configurations. 


The  use  of  multiple,  overset  grids  in 
computational  tluid  dynamics  extends  the 
application  of  finite-difference  methods  to 
more  complex  configurations.  Rather  than 
trying  to  generate  a  single  mesh  about  all 
components  of  a  configuration,  multiple, 
individual  meshes  are  used,  then  overset 
on  a  major  grid.  The  major  grid  may  be 
used  to  resolve  the  flow  field  or  may  be 
wrapped  around  the  main  component. 

One  or  more  minor  meshes  may  be  used 
to  resolve  flows  around  appendages  or 
near  singularities  in  the  main  grid.  The 
boundaries  of  the  minor  grids  need  not 
conform  to  the  major  grid  in  any  particular 
way.  Boundary  data  are  transferred 
among  the  meshes  each  time  step  so  that 
all  meshes  are  aware  of  all  components  of 
the  flow  field. 

Overset  grids  have  been  used  previous- 
ly for  other  types  of  flow  problems,  such  as 
transonic  flow  about  airfoils,  using  the 
potential  equation  and  resolution  of  gra- 
dient regions  in  two-dimensional  shallow 
water  equations.  This  study  applies  overset 
grids  to  an  existing  class  of  implicit  finite- 
difference  algorithms  for  solving  the 
stream-function  equation  and  the  Euler 
equations.  These  applications  show  that 
the  technique  can  be  handled  within  a 
general  framework,  that  grid  generation 
about  complex  configurations  can  be 
simplified,  and  that  only  minor  modifica- 
tions to  existing  flow  solvers  are  necessary 
when  combined  with  this  grid  approach. 

The  cases  studied  were  all  two-dimen- 
sional aerodynamic  applications.  In  the 
case  shown  in  the  figure,  a  rectangular 
major  grid  fits  well  along  a  cascade  blade 
element  everywhere  except  at  the  blunt 
nose  region.  A  minor  grid  is  wrapped  about 
the  nose  to  resolve  the  flow  suction  peak. 
Flow  variables  at  the  boundaries  of  the 
minor  grid  are  interpolated  from  the  major 
grid.  The  dot-marked  points  in  the  major 
grid  near  the  nose  are  blanked;  that  is, 


NOSE  DETAIL 

SHOWING  BLANKED-OUT 

MAJOR 

GRID  POINTS 

Overset  Grids  are  used  here  for  cascade  blade  analysis.  A  minor  grid  that  conforms  to  the 
blade  nose  is  used  to  resolve  the  flow  field  in  that  region.  In  the  detail  drawing,  the  black  dots 
indicate  the  points  in  the  major  grid  that  are  blanked  out  during  computations  on  that  grid. 
which  are  then  updated  by  interpolation  from  the  minor  grid. 
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omitted  from  the  computations.  Instead, 
the  flow  values  at  the  major  grid  points  at 
the  perimeter  of  the  blanked  area  are 
found  by  interpolating  results  from  the 
minor  grid. 

To  use  the  overset  grids,  the  finite- 
difference  algorithms  must  be  altered  in 
three  ways.  First,  the  data  base  must  be 
structured  for  a  number  of  grids,  rather 
than  for  just  one.  This  can  be  done  in 
various  ways,  depending  on  the  architec- 
ture of  the  computer  used.  Second,  the 
algorithm  must  skip  blanked  points.  In  ap- 
proximate factorization  algorithms  and 
other  time-like  algorithms,  blanked  points 
are  excluded  by  multiplying  by  a  flag  array 
that  contains  a  0  or  1  for  each  grid  point,  in- 
dicating exclusion  or  inclusion,  respective- 
ly. Third,  the  boundary  conditions  must  be 
receded  in  a  modular  fashion  to  allow  for 
the  possibility  that  a  minor  grid  may  require 


a  boundary-condition  treatment  different 
from  that  of  the  major  grid. 

Grid  boundary  data  have  been  inter- 
polated from  one  grid  to  the  other  with 
second-order  Taylor-series  approxima- 
tions. This  simple  technique  does  not  main- 
tain conservation  of  mass,  energy,  or 
momentum;  for  example,  while  the  flow 
equations  may  be  differenced  in 
divergence  form,  the  divergence  property 
is  not  numerically  preserved  if  some  of  the 
values  are  obtained  by  interpolation.  This 
could  be  a  problem  if  a  jump  discontinuity, 
such  as  a  shock  wave,  were  to  cross  the  in- 
terpolation boundary.  In  that  case,  the  in- 
terpolated values  could  be  adjusted  to 
satisfy  a  numerical  line  integral  of  flux. 

This  work  was  done  by  F.  Carroll 
Dougherty  of  Ames  Research  Center, 
Joseph  L  Steger  of  Stanford  University 
and  John  A.  Benek  of  Calspan  Corp. 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center,  Refer  to  ARC-11491/TN 
Ames  Research  Center 
Technology  Utilization  Officer: 
Laurance  A.  Milov  • 
Mail  Code  204-10 
Moffett  Field.  CA  94035 
(415)694-5761 
Patent  Counsel: 
Danell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)694-5104 
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Lightweight,  Nesting  Struts 

Hollow  cones  are  easily  assembled 
to  form  trusses. 


Struts  made  of  graphite-fiber- 
reinforced  epoxy  resin  are  tapered  for 
stiffness  and  for  compact  nesting  for 
transportation.  They  nevertheless  are 
fabricated  with  a  constant  load-bearing 
cross  section.  The  struts  were  developed 
for  building  large  truss  structures  in 
space.  They  can  be  readily  carried  to  the 
construction  site  in  the  Space  Shuttle 
and  quickly  assembled.  They  may  also 
be  useful  on  Earth  in  small  structures 
where  great  strength  is  not  required. 

Each  strut  is  9  m  long  and  0.305  m  in 
diameter  at  its  large  end,  tapering  to 
0.025  m  in  diameter  at  its  small  end.  In 
each  strut,  260  graphite/epoxy  fiber 
bundles  run  the  length  of  the  long,  nar- 
row, hollow  cone.  A  single  bundle  is 
wrapped  in  a  helix  on  the  outside  of  the 
cone  to  stabilize  the  longitudinal  fibers. 

A  pair  of  struts  is  joined  by  a  ring 
clamp  at  the  large-diameter  end  (see 
figure).  The  end  fittings  are  bonded  to 
the  struts  during  manufacturing  so  that 
the  double-strut  assembly  can  be  easi- 
ly inserted  in  the  truss  as  a  structural 
member.  A  completed  pair  of  struts 
with  its  fittings  has  a  mass  of  5.7  kg. 

This  work  was  done  by  Richard  M. 
Gates  and  Kenneth  P.  Hernley  of  The 
Boeing  Co.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention 
should  be  addressed  to  the  Patent 
Counsel,  Marshall  Space  Flight  Center 
Refer  to  MFS-28116. /TN 
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Note.  Dimensions  are  in  inches. 
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Ring  Clamp 


A  Ring  Clamp  Holds  Struts  together  as  a  pair.  Fibers  extend  longitudinally  and  helical 
ly  along  each  tapered  member. 
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Near  Identiffiability  of 
Dynamical  Systems 

Concepts  regarding 
approximate  mathematical 
models  are  treated 
rigorously. 

A  paper  presents  new  results  in  the 
analysis  of  structural  identifiability, 
equivalence,  and  near  equivalence  be- 
tween mathematical  models  and  the  phy- 
sical processes  they  represent.  The 
paper  helps  to  establish  a  rigorous 
mathematical  basis  for  concepts  related 
to  structural  indentifiability  and  equi- 
valence by  revealing  fundamental  re- 
quirements, tacit  assumptions,  and 
sources  of  error.  "Structural  identifiabili- 
ty," as  used  by  workers  in  this  field,  can 
be  loosely  translated  as  meaning  the  abil- 
ity to  specify  a  unique  mathematical 
model  and  a  set  of  model  parameters  that 
accurately  predict  the  behavior  of  the 
corresponding  physical  system. 

Previous  work  on  structural  identifiabili- 
ty was  based  on  the  assumption  that  the 
structures  of  physical  systems  were  com- 
pletely known  (at  least  in  principle),  enabl- 
ing the  model  structures  to  be  specified 
exactly.  In  practice,  mathematical  models 
and  physical  systems  agree  only  approx- 
imately and  over  restricted  ranges  of  in- 
puts for  restricted  intervals  of  time.  This 
gives  rise  to  the  need  for  a  concept  of  near 
(that  is,  approximate)  identification. 


The  "true  model"  of  a  system  is  the 
model  that  exactly  represents  the  in- 
put/output behavior  of  the  system  under 
the  limited  circumstances  in  which  it  is 
observed.  For  purposes  of  the  analysis, 
the  difference  in  the  state  vectors  between 
a  given  model  and  the  true  model  is  ex- 
pressed as  an  additive  error  term  called 
the  "structural  error."  Lacking  an  exact 
representation  of  the  structural  error,  the 
difference  in  behavior  between  the  true 
model  and  the  class  of  models  under  study 
may  be  characterized  by  some  norm  of 
the  difference  between  the  outputs  of  the 
system  and  the  model.  The  near-equiva- 
lence problem  is  concerned  with  deter- 
mining whether  the  model  parameters 
stay  in  the  neighborhood  of  the  true 
parameters  when  the  model  and  system 
outputs  stay  within  given  bounds. 

Once  the  model  structure  is  defined  (ex- 
cept for  the  parameters)  the  problem  is  to 
determine  a  set  of  unknown  parameters. 
The  question  of  near  identifiability  is  posed 
as  follows:  If  two  distinct  parameter  sets 
are  in  the  neighborhood  of  the  true  para- 
meter set  and  the  model  outputs  of  both 
sets  stay  within  the  given  bounds,  are  the 


outputs  distinguishable? 

The  practical  identification  problem 
consists  of  the  determination  of  a  parame- 
ter set  of  a  model  that  is  nearly  equivalent 
to  the  system  within  the  limits  on  the  differ- 
ence in  outputs  as  measured  by  a  scalar 
criterion  function.  If  such  a  parameter  set 
can  be  found,  the  system  is  termed 
"practically  identifiable"  or  "nearly  iden- 
tifiable." 

Bounds  on  the  output  error  are  derived 
precisely  as  a  function  of  the  structural 
error.  Sufficient  conditions  for  near  equi- 
valence are  then  obtained  for  given 
bounds  on  the  output  error.  This  enables 
the  definition  of  near  identifiability  in 
terms  of  the  modeling  error  and  gives  rise 
to  two  theorems  expressing  sufficient 
conditions  for  near-identifiability.  An  ex- 
ample illustrates  the  concepts  introduced 
in  the  paper. 

This  work  was  done  by  Fred  Y. 
Hadaegh  of  NASA's  Jet  Propulsion 
Laboratory  and  George  A.  Bekey  of  The 
University  of  Southern  California. 

"Near-  Identifiability  of  Dynamical 
Systems,"  NPO- 16785 fTN 
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Flexible-Rotor  Balancing 
Demonstration 

Treating  the  rotor  as  a 
flexible  body  at  low 
rotational  speeds  allows 
balancing  without  high- 
speed tests. 

A  report  describes  a  method  for 
balancing  high-speed  rotors  at  relatively 
low  speeds  and  discusses  a  demonstra- 
tion of  the  method  on  a  laboratory  test  rig. 
The  method  ensures  that  a  rotor  can  be 
brought  up  to  speeds  well  over  20,000 
r/min  smoothly,  without  excessive  vibra- 
tion amplitude  at  critical  speeds  or  at  the 
operating  speed.  The  method  was  devel- 
oped for  balancing  the  rotors  of  tur- 
bopumps  in  the  Space  Shuttle  main 
engine;  these  pumps  are  difficult  or  im- 
possible to  balance  at  their  full  operating 
speed  [see  "Balancing  High-Speed 
Rotors  at  Low  Speed"  (MFS-28130),  in 
this  issue  of  NASA  Tech  Briefs]. 

The  report  presents  the  theory  of  low- 
speed  flexible  balancing  and  contrasts 


the  new  method  with  full-speed  balancing 
and  with  low-speed  balancing  in  which 
the  rotor  is  regarded  as  a  rigid  body 
rather  than  as  a  flexible  one.  It  describes 
the  rotordynamic  test  rig  used  to  demon- 
strate the  method,  analyzes  the  dyna- 
mics of  the  demonstration,  and  discusses 
the  results.  An  appendix  gives  a  sample 
computer  output  for  test-rig  critical  speed. 
The  objective  of  low-speed  flexible 
balancing  is  to  add  or  remove  weights 
from  a  rotor/bearing  system  to  minimize 
unwanted  vibrations.  The  weight  distribu- 
tions predicted  by  this  method  should 
produce  vibrations,  at  the  measurement 
planes,  equal  and  opposite  to  those  due 
to  rotor  imbalance.  The  weights  are 
predicted  on  the  basis  of  measurements 


at  low  speeds  in  such  a  way  that  vibra- 
tions are  minimized  at  the  balancing 
speeds  and  at  the  intended  operating 
speeds. 

The  report  concludes  that  low-speed 
flexible-rotor  balancing  is  a  viable 
technology  and  that  the  quality  of  balance 
achieved  with  low-speed  flexible-rotor 
balancing  is  roughly  equivalent  to  that  of 
high-speed  flexible  balancing.  The  report 
also  concludes  that  rigid-body  balancing 
at  low  speed  is  unacceptable  for  high- 
speed operation. 

This  work  was  done  by  J.  Giordano  and 
E.  Zorzi  of  Mechanical  Technology,  Inc., 
for  Marshall  Space  Right  Center. 
MFS-28132/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


NTIS  Tech  Notes    May  1987 


044] 


fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Analysis  of  Leakage  Flows 
in  Turbomachinery 

Navier-Stokes  calculations  predict  leakage  flow 
in  a  high-pressure  fuel  pump. 


The  accurate  calculation  of  internal 
turbomachinery  flow  dynamics  can  help 
spot  possible  failure  modes  and  can 
establish  the  coupling  between  cyclic 
loading  and  structural  dynamics.  Such 
an  analysis  has  been  applied  to  leakage 
flow  between  the  impeller  shroud  and 
the  casing  in  a  high-pressure  fuel  pump 
used  in  the  Space  Shuttle  main  engine 
(see  figure).  The  underlying  approach 
should  also  be  useful  in  analyzing  two-and 
quasi-three-dimensional  leakage  flows  in 
other  turbomachinery  components. 

An  existing  computer  program  was 
modified  to  simulate  this  leakage  flow.  It 
uses  a  quasi-three-dimensional  Navier- 
Stokes  formulation.  It  solves  the  partial 
differential  flow  equations  by  an  iterative 
under-relaxation  procedure  based  on  an 
integral  control-volume  analysis  with 
hybrid  finite  differencing  and  staggered 
grids.  A  63-  by  81 -node  nonuniform  mesh 
was  used  in  the  analysis  to  provide  suffi- 
cient resolution  in  the  regions  of  greatest 
flow  variations,  which  are  the  inlet,  the 
exit,  and  the  regions  near  the  surfaces  of 
the  impeller  and  casing.  This  mesh  also 
reduces  the  effects  of  numerical  diffusion. 
The  high-Reynolds-number  form  of  the  k-e 
model  of  turbulence  (supplemented  with 
wall  functions  near  the  walls)  is  used  to 
close  the  equations  for  the  turbulence  and 
mean-flow  fields.  The  computational  tech- 
nique has  been  tested  extensively  on 
other  complex  turbulent  flows. 

The  vector  diagram  in  the  figure  de- 
picts the  flow  for  an  arbitrary  set  of  con- 
ditions. The  vectors  indicate  the  radial 
and  axial  components  of  fluid  velocity  at 
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PUMP 


Outlet 


0.05  in. 


MATHEMATICAL  MODEL  OF  PUMP 


Leakage-Flow  Geometries  are  shown  for  both  the  actual  pump  and  for  the  simplified 
model  used  in  the  leakage-flow  analysis. 


selected  mesh  points.  Calculations  were 
done  for  a  variety  of  mass-flow  rates  and 
other  conditions  believed  to  bracket 
those  expected  in  the  actual  pump.  The 
numerical  results  indicate  that  significant 
radial  and  axial  motion  takes  place  only 
in  the  boundary  layers  in  the  immediate 
vicinity  of  the  surfaces  of  the  impeller 
and  casing.  In  addition  to  the  net  leakage 
flow,  there  is  a  circulation  consisting  of 
outward  flow  along  the  impeller  and  in- 
ward flow  along  the  casing.  The  portion 


of  the  fluid  not  in  the  boundary  layers  has 
small  axial  and  radial  velocities  but 
rotates  at  a  nearly  uniform  angular  velo- 
city that  ranges  from  60  to  78  percent  of 
that  of  the  impeller  shaft. 

This  work  was  done  by  Munir  M.  Sindir 
of  Rockwell  International  Corp.  for 
shall  Space  Right  Center 
MFS-29152  /TN 
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THERMIT2,  BWR  and  PWR  Thermal-Hydraulic    office o°laENT?Ffc%^D 
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Analysis  Computer  Program 

This  technical  note  was  based  on  a  software  package  developed  by  Massachusetts 
Institute  of  Technology  for  the  U.S.  Department  of  Energy  and  available 
at  the  National  Energy  Software  Center. 


published  by 

Office  of  Scientific  and 

Technical  Information 

U.  S.  Department 

of  Energy 

Oak  Ridge,  Tennessee 


A  technical  note 
from  your  energy 
information  center 


THERMIT2,  the  most  recent  release  of 
THERMIT,  is  intended  for  thermal-hy- 
draulic analysis  of  both  boiling-  and  pres- 
surized-water-reactor  cores  and  is  avail- 
able on  an  "as  is"  basis.  It  solves  the 
three-dimensional,  two-fluid  equations  de- 
scribing the  two-phase  flow  and  heat- 
transfer  dynamics  in  rectangular  coordi- 
nates. The  two-fluid  model  uses  separate 
partial  differential  equations  expressing 
conservation  of  mass,  momentum,  and 
energy  for  each  fluid  By  expressing  the 
exchange  of  mass,  momentum,  and 
energy  between  the  fluids  with  physically- 
based  mathematical  models,  the  relative 
motion  and  thermal  nonequilibnum  be- 
tween the  fluids  can  exist.  THERMIT2 
offers  the  choice  of  either  pressure  or  ve- 


locity boundary  conditions  at  the  top  and 
bottom  of  the  core.  THERMIT2  includes  a 
two-phase  turbulent  mixing  model  which 
provides  subchannel  analysis  capability 
THERMIT2  also  solves  the  radial  heat  con- 
duction equations  for  fuel-pin  tempera- 
tures and  calculates  the  heat  flux  from  fuel 
pin  to  coolant  with  appropriate  heat- 
transfer  models  described  by  a  boiling 
curve.  THERMIT2  contains  proprietary  sub- 
routines LEQT1B.  UERTST.  and  UGETIO 
from  the  IMSL  library.  These  routines  may 
not  be  removed  from  this  software  for  use 
in  other  software. 

THERMIT2  is  written  in  FORTRAN  IV  for 
the  IBM370.  contains  5879  cards  and 
260K  bytes  of  storage.  (Reference  1  is  in- 
cluded with  the  software  package.) 


REFERENCES 


DOE  report(s): 

(1)  User's  Guide  for  THERMIT-2:  A  Version  of  THERMIT 

for  Both  Core-  Wide  and  Subchannel  Analysis  of  Light 

Water  Reactors. 

Report  number:  MIT-ELS  1-029 /NAB 

Order  number:  PB-82- 180282 /NAB 

Price:  $22.95 

Reference  1  is  available  separately  from  NTIS.  See  order 
information  below. 


ORDER 
INFORMATION 


This  software  package  (DE86057940/NA8)  can  be 
purchased  for  $  1360  (North  American  Price).  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer 
Products  Center.  (703)  487-4763 


DOE  offices,  contractors,  and  nonprofit  eaucational 
organizations  can  purchase  this  software  package  (NESC 
No    99401  directly  or  by  subscription  from. 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No.   (312)  972-7250  (Comm.) 
972-7250  (Fl S) 
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fVJASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Advanced  Rotordynamic 
Nonlinear  Transient 
Simulation 

Loads  and  displacements 
are  predicted  for  a  variety 
of  rotating  machinery. 


Software 


The  advanced  rotordynamic  nonlinear 
transient-simulation  program,  TRANSIM, 
was  developed  to  predict  the  response  of 
high-performance  rotating  machinery  to  a 
variety  of  forcing  functions.  The  program 
works  by  modal  superposition  of  rotor  and 
casing  subsystems  (or  two  simultaneously 
rotating  subsystems).  The  transient  re- 
sponse of  the  system  is  calculated  by  nu- 
merical integration  of  the  equations  of  mo- 
tion, performed  in  modal  coordinates.  The 
resulting  data  are  transformed  back  into 
physical  coordinates  as  required  to  deter- 
mine the  user-requested  loads  and  accel- 
erations as  a  function  of  time.  TRANSIM 
has  been  used  to  analyze  the  Space  Shut- 
tle main  engine  high-pressure  fuel  turbo- 
pump. 

TRANSIM  allows  the  user  to  couple  the 
rotor  to  the  casing  with  linear  and  nonlinear 
interconnecting  elements.  Linear  connec- 
tors between  the  two  subsystems  can  ac- 
count for  forces  resulting  from  intergroup 
stiffness,  damping,  and  effective  inertia,  as 
well  as  forces  from  rotating  and  fixed  effec- 
tive inertia  at  a  specified  location.  Stiffness, 
damping,  and  effective  inertia  forces  can 
also  be  applied  within  (i.e.,  intragroup) 
either  subsystem. 


Nonlinearities  in  the  system  are  confin- 
ed to  intergroup  elements.  These  elements 
permit  simulations  of  such  rotordynamic 
phenomena  as  bearing  deadband,  tangen- 
tial rubbing  (Coulomb),  and  piecewise- 
linear  spring  rates.  Connector  parameters 
can  be  made  dependent  on  speed. 
TRANSIM  simulates  floating-ring  seals 
with  Coulomb  damping,  including  the  ef- 
fects of  gyroscopic  moments  in  the 
rotating  subsystem. 

Forcing  functions  available  for  system 
excitation  include  rotating  unbalance, 
speed-dependent  sideloads  between  the 
rotor  and  casing,  and  a  variable-frequency 
sinusoidal  force  applied  to  the  casing.  A 
stability-assessment  algorithm  determines 
the  logarithmic  decrement  (or  equivalent 
critical  damping  ratio)  of  the  most  predomi- 
nant modes  via  a  multifrequency  decay- 
rate  analysis. 

TRANSIM  requires  uncoupled  linear 
modal  representations  of  the  rotor  and 
casing  as  inputs.  The  output  from  TRANSIM 
consists  of  printed  and  plotted  root-mean- 
square  time  histories  of  any  linear  and 
nonlinear  intergroup  elements,  relative 
defections,  and  casing  accelerations,  as 
well  as  fast  Fourier  transforms  of  these 


responses.  Intergroup-element-load  time- 
history  and  orbit  plots  for  any  specified 
time  slice  can  be  made,  as  well  as  a  com- 
plete time-history  plot  of  the  displacement 
of  a  floating-ring  seal.  Simplified  vector 
analyses  are  performed  on  the  intergroup 
loads  to  determine  fixed  and  alternating 
components  and  fixed  load  or  displace- 
ment angles. 

TRANSIM  is  written  in  FORTRAN  77  for 
batch  execution  and  has  been  implement- 
ed on  a  CDC  CYBER  800-series  computer 
operating  under  NOS  with  a  central- 
memory  requirement  of  approximately 
222K  (octal)  of  60-bit  words.  This  program 
requires  the  IMSL  and  DISSPLA  commer- 
cial software  libraries  and  is  coded  to  sup- 
port an  SC4020  plotter  for  graphics  output. 
TRANSIM  was  developed  in  1985. 

This  program  was  written  by  David  G. 
Becht  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

MFS-19939/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Environmental  Science  & 
Technology 

445  Interim  Protocol  tor  Diving  Operations  in  Contaminated  Water 

446  Handbook  tor  Stabilization'Solidification  ot  Hazardous  Waste 

447  Field  Test  for  Measuring  Cation  Exchange  Parameters 
Other  items  of  interest 

436       Storing  Chemicals  in  Packed  Spheres —  Reactants  would  be  released  by 
crushing  or  puncturing.  (Licensing  Opportunity) 


United  States 
Environmental  Protection 
Agency 


Hazardous  Waste  Engineering 
Research  Laboratory 
Cincinnati  OH  45258 


Research  and  Development 


&EPA        Project  Sur 


Interim  Protocol  for  Diving  Operations  in  Contaminated  Water 


An  interim  protocol  for  diving  opera- 
tions in  chemically  or  biologically  con- 
taminated water  was  developed  to  pro- 
tect  divers  and  surface  support 
personnel  exposed  to  such  environ- 
ments. The  protocol  is  based  on  prelim- 
inary field  evaluations  of  diving  equip- 
ment under  controlled,  chemical, 
underwater  environments.  Following  a 
peer  review  of  the  protocol  document 
by  prospective  users,  the  methods,  pro- 
cedures, equipment,  and  training  will 
be  tested  further  at  a  number  of  spill 
sites.  The  information  from  those  tests 
will  be  used  to  prepare  a  manual  of 
practice  (MOP)  on  underwater  opera- 
tion in  contaminated  waters.  The  final 
MOP  is  scheduled  for  publication  in  De- 
cember 1985. 

introduction 

Divers  at  times  are  required  to  enter 
contaminated  waters  to  assess  damage 
from  leaking  vessels  and/or  pipelines, 
locate  underwater  sources  of  contami- 
nation, contain  and/or  cleanup  sunken 
pollutants,  assess  and  evaluate  cleanup 
operations,  recover  containers  or  their 
contents,  conduct  research  studies,  and 
repair  or  maintain  underwater  equip- 
ment and  structures  to  prevent  dis- 
charges. At  present,  a  very  limited  capa- 
bility exists  for  safe  entry  into  such 
environments.  Entry  has  often  resulted 
in  injuries,  primarily  chemical  burns,  to 
divers  and  surface  support  personnel 
handling  contaminated  equipment. 

Information  on  low-level  chemical  ex- 
posure of  diving  personnel  is  sparse 
since  generally  only  acute  or  immediate 
effects  are  reported.  Only  recently,  gov- 
ernment agencies  have  begun  to  ad- 
dress chronic  long-term  toxicity.  The 
final  manual  of  practice  (MOP)  will 
present  a  complete  review  of  the  cur- 
rent requirements  of  civilian,  govern- 
ment, and  military  agencies:  the  U.S. 
Environmental  Protection  Agency 
(EPA),  the  National  Oceanographic  At- 
mospheric Administration  (NOAA),  the 
U.S.  Navy  (USN),  the  U.S.  Coast  Guard 
(USCG).  Data  collected  to  date  clearly 


indicate  a  need  to  improve  these  Agen- 
cies' ability  to  respond  safely  to  sites  of 
underwater  chemical  release. 

Equipment  probiems  in  chemically 
contaminated  water  environments  are 
caused  primarily  by  petroleum  prod- 
ucts. Divers  entering  such  environ- 
ments often  experience  equipment  fail- 
ure and  deterioration  which  are 
responsible  for  many  incidents  of  diver 
exposure  to  contaminants. 

Very  little  information  is  available  on 
the  use  of  remotely  operated  vehicles 
(ROV's)  to  respond  to  chemical  release 
situations.  ROV's  may  contribute  signif- 
icantly to  safety  by  performing  certain 
underwater  activities;  ROV's  can  also 
indicate  whether  a  diver  must  respond. 
When  a  diver  must  respond,  ROV's  can 
increase  the  diver's  safety  and  effective- 
ness. The  two  most  serious  drawbacks 
to  effective  use  of  these  vehicles  are 
underwater  visibility  and  entanglement. 
As  ROV  technology  develops,  more 
varied  and  reliable  uses  of  these  vehi- 
cles should  be  developed  for  hazardous 
spill-response  situations. 

Because  divers  must  continue  to  work 
in  chemically  contaminated  waters  until 
more  appropriate  procedures  and 
equipment  are  available  to  safeguard 
their  health  and  welfare,  they  should  be 
warned  against  diving  into  waters  con- 
taining particularly  toxic  substances.  In 
response  to  these  safety  concerns,  EPA 
and  NOAA  have  entered  into  an  Intera 
gency  Agreement  (IAG)  to  improve  and 
update  safety  capabilities.  Work  under 
the  IAG  started  in  August  1981  and  en- 
compasses the  assessment,  testing, 
evaluation,  and  demonstration  of  com- 
mercial underwater  protective  suits, 
clothing,  support  equipment,  and 
breathing  apparatus.  The  full  interim  re- 
port and  the  final  MOP  will  discuss  all 
aspects  of  the  work  performed  under 
the  IAG,  including  a  1983  workshop  and 
seminar  on  diver  protection, 
"Protection  of  Divers  in  Waterways  Re- 
ceiving Hazardous  Chemical,  Patho- 
genic and  Radioactive  Substances  Dis- 
charges,"  UMS  Pub.  No.  CR60  (CW) 
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2-1-83.  Undersea  Medical  Society, 
Bethesda,  Maryland.  The  unanimous 
conclusions  of  this  seminar  were  that 
(a)  currently,  no  acceptable  alternative 
can  replace  divers,  and  (b)  research  and 
development  are  needed  to  modify 
commercially  available  diving  dress 
and  helmet  assemblies  for  protecting 
divers  from  contaminated  environ- 
ments. 

The  full  interim  report  described  by 
this  summary  presents  a  protocol  based 
on  preliminary  field  evaluations  of  div- 
ing dress  and  equipment  in  controlled, 
chemically  contaminated  underwater 
environments.  Briefly,  the  interim  pro- 
tocol   provides    information    on 

(a)  evaluating  the  hazardous  nature  of 
substances  present,  identifying  go/no- 
go  situations  and  the  need  for  a  diver; 

(b)  when  and  how  a  diver's  safety  can 
be  assured  in  hazardous  environments; 

(c)  medical  and  physiological  implica- 
tions of  a  diver's  exposure;  (d)  state-of- 
the-art  protection  for  diving  and  surface 
support  personnel  when  performing 
underwater  tasks  in  contaminated 
waters;  and  (e)  decontamination  opera- 
tions for  diving  personnel  and  equip- 
ment. 

Subsequent  to  a  peer  review  and  field 
evaluation  of  the  interim  protocol,  and 
after  demonstration  of  modified  equip- 
ment and  response  procedures,  a  man- 
ual of  practice  (MOP)  will  be  developed 
for  agencies  that  use  divers  in  waters  of 
questionable  environmental  quality. 
Both  the  interim  protocol  and  the  MOP 
are  intended  only  as  guides. 


Conclusions 

The  information  presented  here  high- 
lights some  of  the  considerations  for 
underwater  operations  involving  haz- 
ardous chemicals.  The  interim  protocol 
and  final  MOP  address  these  and  other 
areas  in  much  more  detail. 

The  interim  procedures  document 
needed  to  be  issued  before  completion 
of  the  final  field  evaluation  and  demon- 
stration to  serve  as  a  reference  guide  for 
safer  underwater  operations.  Field  eval- 
uation and  shakedown  of  the  proce- 
dures, techniques,  and  equipment  sum- 
marized here  are  required  before  the 
final  MOP  can  be  published. 

The  final  MOP  will  cover  general  pro- 
cedures related  to  hazard  evaluation, 
diver  deployment  and  recovery,  surface 
tending  operations,  and  equipment  de- 
contamination. 

Safety  is  the  prime  concern  in  any 
underwater  operation,  be  it  deep  satu- 
ration diving  on  exotic  gases  or  the 
need  to  effect  a  chemical  drum  recovery 
operation.  With  the  help  of  the  scientific 
community,  military  organizations,  and 
commercial  industry,  the  justifiable  de- 
ployment of  diving  personnel  in  waters 
heavily  polluted  with  chemicals  can  be 
safely  and  effectively  accomplished. 


The  EPA  author,  Richard  P.  Traver  (also  the  EPA  Project  Officer,  see  below),  is 
with  Hazardous  Waste  Engineering  Research  Laboratory-Cincinnati,  Edison, 
N J  08837. 
The  complete  report,  entitled  "Interim  Protocol  for  Diving  Operations  in 
Contaminated  Water,"  (Order  No.  PB  86-128  022;  Cost:  $40.95,  subject  to 
change)  will  be  available  only  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Hazardous  Waste  Engineering  Research  Laboratory-Cincinnati 
U.S.  Environmental  Protection  Agency 
Edison,  NJ  08837 


United  States 
Environmental  Protection 
Agency 


Hazardous  Waste  Engineering 
Research  Laboratory 
Cincinnati  OH  45268 
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Handbook  for  Stabilization/ 
Solidification  of 
Hazardous  Waste 


In  response  to  the  growing  interest  in 
stabilization  and  solidification  of  haz- 
ardous wastes  and  contaminated  soils 
and  sediments,  the  Land  Pollution  Con- 
trol Division  of  EPA's  Hazardous  Waste 
Engineering  Research  Laboratory  has 
produced  a  technical  Handbook  on  the 
subject.  This  Handbook  provides  de- 
tails of  the  materials  and  equipment  in 
common  use  and  outlines  methodolo- 
gies for  applying  these  techniques  to 
hazardous  waste  problems.  Among  the 
subjects  covered  are  waste  and  site 
characterization,  laboratory  testing  and 
leaching  protocols,  bench  and  pilot 
scale  testing,  and  full  scale  operations. 
Four  stabilization/solidification  scenar- 
ios are  presented  to  illustrate  advan- 
tages, disadvantages,  and  costs  for  dif- 
ferent mixing  techniques. 

This  Project  Summary  was  devel- 
oped by  EPA  s  Hazardous  Waste  Engi- 
neering Research  Laboratory,  Cincin- 
nati, OH,  to  announce  key  findings  of 
the  research  project  that  is  fully  docu- 
mented in  a  separate  report  of  the  same 
title  (see  Project  Report  ordering  infor- 
mation at  back). 

Introduction 

The  terminology  associated  with  sta- 
bilization/solidification technology  is 
not  rigidly  defined  and  is  often  confus- 
ing. For  this  Handbook,  stabilization 
refers  to  those  techniques  that  reduce 
the  hazard  potential  of  a  waste  by  con- 


verting the  contaminants  into  their  least 
soluble,  mobile,  or  toxic  form.  The 
physical  nature  and  handling  character- 
istics of  the  waste  are  not  necessarily 
changed  by  stabilization.  Solidification 
refers  to  techniques  that  encapsulate 
the  waste  in  a  monolithic  solid  of  high 
structural  integrity.  The  encapsulation 
may  be  of  fine  waste  particles  (microen- 
capsulation) or  of  a  large  block  or  con- 
tainer of  wastes  (macroencapsulation). 
Solidification  does  not  necessarily  in- 
volve chemical  interaction  between  the 
waste  and  the  solidifying  reagents,  but 
may  involve  mechanicaily  binding  the 
waste  into  the  monolith.  Contaminant 
migration  is  restricted  by  vastly  de- 
creasing the  surface  area  exposed  to 
leaching,  or  by  isolating  the  waste 
within  an  impervious  capsule. 

Considerable  impetus  has  been  given 
to  stabilization/solidification  by  both  the 
Resource  Conservation  and  Recovery 
Act  (RCRA)  and  by  the  Comprehensive 
Environmental  Response,  Compensa- 
tion and  Liability  Act  (CERCLA).  These 
techniques  are  often  the  basis  for  delist- 
ing petitions  under  RCRA,  and  can  be 
employed  to  satisfy  the  prohibition  on 
the  landfilling  of  liquids.  Under 
CERCLA,  solidification  and  encapsula- 
tion are  specifically  cited  in  the  NCP  (40 
CFR  300)  as  methods  to  be  considered 
during  the  feasibility  study  for  remedy- 
ing releases  from  contaminated  soils 
and  sediments. 
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Process  Operation 

Full-scale  operation  of  a  solidification 
process  requires  detailed  planning  and 
cost  comparisons.  The  first  planning 
step  involves  the  characterization,  test- 
ing and  process  selection  efforts  de- 
scribed above.  The  second  phase  of 
planning  involves  the  development  of 
the  operation  plan,  including  equip- 
ment requirements,  work  sequence  and 
scheduling,  and  cost  estimation  for  the 
specific  site.  These  are  briefly  discussed 
below. 

Equipment  requirements  are  largely 
determined  by  the  type  of  mixing  to  be 
employed  in  the  process.  The  four  types 
of  mixing  commonly  used  are  in-drum, 
in-situ,  plant  and  area. 

Project  sequencing  and  scheduling 
are  largely  determined  by  the  type  of 
mixing  technique  employed.  The  first 
step  generally  involves  preparation  of 
the  site  and  construction  of  any  neces- 
sary facilities.  These  could  include  exca- 
vation of  an  inground  mixing  pit,  or  con- 
struction of  a  disposal  site  to  receive  the 
processed  waste.  This  is  often  followed 
by  any  needed  evaluation  of  the  wastes 
including  such  things  as  drum  integrity 
or  phase  separations.  The  actual  proc- 
essing of  the  wastes  then  takes  place, 
along  with  the  process  control  monitor- 
ing. This  is  followed  by  waste  curing 


and  final  disposal.  Variations  to  these 
sequences  are  likely,  due  to  process  and 
site-specific  factors. 

Cost  estimations  for  a  full-scale  proc- 
essing operation  must  take  into  account 
costs  for: 

•  Treatment  reagents 

•  Labor 

•  Materials 

•  Equipment 

•  Cleanup 

•  Overhead  and  profit 

These  will  depend  on  the  solidification 
technique  employed,  the  amount  of 
waste  to  be  processed,  and  many  other 
site-specific  constraints. 

The  number  of  waste  processing, 
handling,  and  mixing  technologies  is 
highly  varied,  as  is  the  number  of  treat- 
ment reagent-waste  formulations. 
Waste  and  site  characteristics,  and 
reagent  cost  and  availability  are  the 
major  factors  which  must  be  weighted 
in  project  planning  to  ascertain  the  most 
cost-efficient  and  reliable  containment 
strategy. 

The  full  report  was  submitted  in  par- 
tial fulfillment  of  Interagency  Agree- 
ment No.  AD-96-F-2-A145  by  the  U.S. 
Army  Engineer  Waterways  Experiment 
Station  under  the  sponsorship  of  the 
U.S.  Environmental  Protection  Agency. 


M.  John  Cullinane,  Jr.,  Larry  W.  Jones,  and  Philip  G.  Ma/one  are  with  the 
U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  MS  39180; 
the  EPA  author  Terry  M.  Bliss  is  with  the  Hazardous  Waste  Engineering 
Research  Laboratory,  Cincinnati,  OH  45268. 
Janet  M.  Houthoofd  is  the  EPA  Project  Officer  (see  below). 
The  complete  report,  entitled  "Handbook  for  Stabilization/ Solidification  of 
Hazardous  Waste,"  (Order  No.  PB  87-116  745/ AS;  Cost:  $18.95,  subject 
to  change)  will  be  available  only  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone   703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Hazardous  Waste  Engineering  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Cincinnati,  OH  45268 
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Field  Test  for  Measuring  Cation  Exchange 
Parameters 


Objective 

Establish  a  procedure  for  reliably 
determining  cation  exchange  pa- 
rameters at  an  in  situ  mining  site. 


The  Problem 

Predicting  the  movement  rates 
of  pollutants  from  waste  disposal 
sites  requires  reliable  measure- 
ments of  cation  exchange  pa- 
rameters since  cation  exchange 
can  retard  pollutant  movement. 
Reliable  measurements  of  these 
parameters  are  also  required  for 
predicting  the  length  of  time 
needed  to  restore  groundwater 
quality  after  in  situ  mining.  Cation 
exchange  is  often  the  controlling 
mechanism  for  the  replacement 
of  leach  solution  cations  by  the 
cations  in  the  returning  ground- 
water. Unfortunately,  laboratory 
measurements  using  core  sam- 
ples are  of  minimal  reliability. 
The  uneven  clay  distribution  at 
most  sites  produces  a  high 
variability  in  laboratory  results.  In 
addition  the  flow  pattern  in  the 
laboratory  tests  is  different  from 
that  in  the  field. 

Approach 

Bureau  of  Mines  research  has 
developed  a  field-test  procedure 
that  is  quick  and  yields  reliable 
and  representative  data.  A  cor- 
responding data  analysis  proce- 
dure was  also  established  in 
order  to  verify  the  applicability  of 


the  computer  simulation  model 
of  cation  exchange  used  in  the 
analysis,  and  of  the  general 
analysis  procedure,  with  actual 
field  data. 


The  Field  Test  Procedure 

The  field  test  procedure,  de- 
veloped through  cooperative 
efforts  of  the  Bureau  of  Mines 
and  the  University  of  Texas,  in- 
volves a  much  larger  volume  and 
less  disturbance  to  the  ore  sam- 
ple than  the  laboratory  measure- 
ment method.  The  field  test  can 
be  performed  in  a  few  weeks, 
and  is  relatively  inexpensive,  re- 
quiring one  injection-production 
well  and  two  or  more  wells  for 
samples  of  the  leach  solution. 


The  field  test  consists  of  three 
steps: 

1.  Preflush  —  a  high  concentra- 
tion of  chloride  solution  con- 
taining the  cation  to  be  used 
in  the  leach  solution  is  in- 
jected. 

2.  Leaching  —  the  leach  solu- 
tion is  injected. 

3.  Production  —  the  leach  solu- 
tion is  pumped  from  the  form- 
er injection  well.  The  concen- 
tration of  ions  is  measured  in 
samples  taken  periodically 
from  several  observation 
wells  surrounding  the  injec- 
tion-production well  and.  dur- 
ing production,  from  the  injec- 
tion-production well  itself. 
The  measured  ions  should 
include  chloride  and  the  ma- 


Testing  a  new  procedure  for  determining  cation  exchange  parameters. 
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jor  cations  in  the  ground- 
water, preflush  and  leach 
solution.  The  chloride 
preflush  removes  calcium 
and  simplifies  data  interpreta- 
tion. 


Data  Analysis 

There  are  three  major  steps  in 
the  analysis: 

1.  Determine  the  effective  hy- 
drologic  thickness  of  the 
leached  zone  using  the  chlor- 
ide peak  arrival  time  at  the 
observation  wells. 

2.  Calculate  sets  of  cation  ex- 
change capacity  and  distribu- 
tion coefficients  (relative 
affinity  of  cations  for  clays) 
that  give  the  correct  areas 
under  the  graphs  of  cation 
concentrations  measured  in 
the  observation  wells. 

3.  Select  the  set  from  step  2  that 
gives  the  best  fit  to  the  cation 


concentration  measurements 
in  observation  well  samples 
and,  if  possible,  in  production 
well  samples.  Fits  are  per- 
formed with  a  computer  mod- 
el developed  during  the  re- 
search investigation,  PPTR 
(Push-Pull  Test,  Restora- 
tion). 


Results 

The  field  test  and  data  analysis 
procedures  have  been  success- 
fully applied  to  actual  field  data. 
They  reliably  measure  cation  ex- 
change capacity,  estimate  dis- 
tribution coefficients,  and  mea- 
sure the  hydrologic  dispersivity 
of  the  exchanging  cations.  This 
dispersivity  can  be  significantly 
larger  than  that  of  non-adsorbing 
tracers.  Underestimating  the  dis- 
persivity can  lead  to  underesti- 
mating the  time  required  to  re- 
store groundwater  quality.  The 
field  test  measures  best  what  the 


laboratory  tests  measure  poorly 
(exchange  capacity)  or  not  at  all 
(dispersivity).  It  should  prove  to 
be  a  useful  tool  in  improving  the 
reliability  of,  modeling  ground- 
water restoration  quality  follow- 
ing in  situ  mining,  and  can  be 
applied  to  other  processes 
where  cation  exchange  is  impor- 
tant. 


For  More  Information 

Volume  I  of  a  Bureau  contract 
report  presenting  the  theoretical 
basis  for  the  test  and  describing 
the  computer  model,  PPTR.  is 
available  from  the  National 
Technical  Information  Service 
(NTIS).  Volume  IV  of  the  same 
report  describes  a  field  test  at  an 
in  situ  uranium  mining  operation. 
A  copy  of  each  report  can  be 
obtained  by  writing  NTIS  at  5285 
Port  Royal  Road,  Springfield.  VA 
22151.  Refer  to  report  number 
PB83-234  497  for  Volume  I  and 
PB86-158  789  for  Volume  IV. 
NTIS  will  charge  a  fee  for  each 
report  copy  ordered.  For  further 
information  or  for  answers  to 
technical  questions,  please  write 
to  the  technical  project  officer  for 
this  work,  Mr.  Daryl  R.  Tweeton, 
Twin  Cities  Research  Center, 
Bureau  of  Mines,  5629  Minne- 
haha Avenue  South,  Minneapo- 
lis, MN  55417,  or  telephone  him 
at  (612)  725-3468. 


Advantages  for  Applications  In: 

a)  Waste  Disposal  Site  Evaluation 

b)  In  Situ  Mining  Restoration 

1.  Cation  exchange  capacity,  used  in  predicting  retardation  of  pollutant 
migration,  is  measured  more  reliably  than  in  laboratory  tests. 

2.  Dispersivity,  used  in  predicting  the  spreading  of  peak  concentrations 
of  pollutants,  is  measured  for  exchanging  cations  rather  than  for 
non-adsorbing  tracers. 
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U.S.  Air  Force 

Manufacturing  Technology  Note 


Injection-Molded  Thermoplastic  Electronic 
Enclosures 

Funding  support  through  a  Navy  contract  channeled 
an  opportunity  for  the  Air  Force  MANTECH  Division 
to  establish  manufacturing  processes  for   injection 
molding  of  thermoplastic  electronic  enclosures.     Prime 
contractor  McDonnell  Douglas  validated  low  cost  manu- 
facturing of  electronic  housings  using  thermoplastic  re- 
sins and  selected  reinforcements. 

The  process  is  generic  enough  to  be  applied  to  any 
system  with  electronic  equipment  enclosures.     The  exist- 
ing cast  aluminum  enclosures  require  extensive  machin- 
ing to  remove  casting  flash  and  to  drill,  tap  and  surface 
the  castings  for  use.     The  thermoplastic  enclosures  are 
injection  molded  and  require  no  further  machining.     They 
are  merely  flame  sprayed  with  aluminum  to  meet  elec- 
tromagnetic shielding  and  grounding  requirements  and  then 
painted. 

The  thermoplastic  injection-molded  enclosures  meet  all 
the  requirements  of  MIL-STD-1 377  and  provide  benefits 
of  increased  producibility  and  quality.     The  project  op- 
timized tool  and  electromagnetic  interference  techniques 
and  demonstrated  system  performance  and  cost  savings. 
The  demonstration  production  run  resulted  in  only  four 
rejects  out  of  30,000  items.     It  also  showed  an  80  per- 
cent cost  reduction  and  25  percent  weight  savings  over 
the  cast  aluminum  type  enclosure. 

For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Project  engineer:  Sid  Litvak 

Air  Force  Manufacturing  Technology  Program 

ATTN:  AFWAL/MLTM 

Wright  Patterson  AFB,  OH  45433-6533 

(513)255-7361 

Refer  to  contract  N00019-82-C-3227 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 


Improved  Milling 

The  results  of  a  U.S.  Army  Aviation 
Systems  Command  Study  of  milling  cutter 
life  are  expected  to  yield  labor  and  over- 
head savings  of  $9.3  million  for  all  mili- 
tary production  over  the  next  10  years. 

Initial  observations  revealed  that  the 
cost  to  manufacture  replacements  for 
broken  or  otherwise  damaged  milling 
cutters  was  approximately  $2400  for  each 
T700  Turbine  Engine  compressor  section 
that  was  manufactured.  An  additional  $370 
was  expended  in  changing  the  bad  cutters. 
These  costs  were  excessively  high. 

The  program,  therefore,  concentrated  on 
improving  the  life  of  the  10  milling 
cutters  used  to  machine  the  superalloy 
rotating  parts  of  the  compressor  section. 
Tooling  material  and  geometry,  as  well  as 
feeds  and  speeds,  were  investigated  to 
identify  parameters  most  significantly 
related  to  tool  life. 

Initial  test  results  were  used  to  con- 
struct a  statistically  designed  experiment 
in  which  the  combined  effort  of  tool 
material,  tool  geometry,  and  machining 
speeds  and  feeds  were  studied.  As  a 
result  of  these  tests,  it  was  determined 
that  tool  life  may  be  significantly 
improved  by  increasing  primary  and  second- 
ary clearance  angles,  and  increasing  the 
primary  land  width.  Increasing  the  helix 
angle  was  found  to  be  detrimental  to  tool 
life  as  was  increasing  the  rake  angle. 
Increasing  feed  rates  was  found  to  have 
little  or  no  effect  on  tool  life  for 
certain  operations. 

The   results   of   this   effort   have   been 
implemented   at   the   General   Electric 
Company,  Hookset,  NH  in  the  production  of 
military  engines. 
FOR  ADDITIONAL  INFORMATION: 

N.  Singh 

U.S.  Army  Aviation  Systems  Command 

(314)  263-3079 
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U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:   1A327F751A1A 


Filing  Code:  73D094 


Slow-Notch-Bend-Energy  Tests  on  Extruded  Aluminum 

The  tests  reveal  important  differences  in  material 
that  are  not  detected  by  other  methods. 


A  study  of  the  properties  of  7075-T6  extruded 
aluminum  has  shown  that  a  difference  exists  be- 
tween the  alloys  of  two  suppliers.  The  study  was 
made  by  the  U.S.  Army  Armament  Research  and 
Development  Center  because  aluminum  sabots 
were  breaking  up  after  a  second  supplier  of  alumi- 
num had  been  engaged,  although  the  products  of 
both  suppliers  met  acceptance  tests  for  tensile 
strength  and  for  elongation. 

In  the  study,  fracture  toughness  was  considered 
because  brittle,  fragmentation  failures  were  ob- 
served. Also,  tests  were  conducted  mainly  at 
-40°F  because  the  breakups  occurred  at  that 
temperature. 

The  toughness  tests  were  the  traditional  K,c  test 
in  ASTM  Method  E-399  and  a  test  described  as  a 
slow-notch-bend-energy  (SNBE)  test,  which  meas- 
ures the  total  energy  to  failure  for  a  notched  Charpy 
specimen.  The  specimens  were  tested  in  both  lon- 
gitudinal and  transverse  directions  (see  figure).  In 
addition  to  the  testing  of  mechanical  properties,  the 
study  included  metallographic,  chemical,  and 
scanning  electron-microscope  observations. 

In  comparisons  of  samples  from  the  two  suppli- 
ers, the  K|C's  differed  only  slightly  in  both  orienta- 
tions and  at  room  temperature  and  -40°F. 
However,  in  both  orientations  and  at  both  tempera- 
tures, the  SNBE's  differed  markedly.  There  were  no 
observed  failures  from  the  original  supplier,  but 
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Extruded  Aluminum  Sabots  were  machined  to  obtain 
specimens  for  the  tests.  The  same  equipment  and,  as 
often  as  possible,  the  same  machinist  prepared  the 
samples. 


many  SNBE  failures  from  the  new  supplier. 
Project  Officer  J.  A.  Kapp 
(518)  266-5319  or  AV  974-5319. 


FOR  ADDITIONAL  INFORMATION. 

Vou  can  learn  more  details  about  this  technology  by  ordering  the  NTiS  ret 
Material  Properly  and  Fracture  Testing  o'  7075  T6  Extruded  Aluminum. 
Order  number  ADA  I64933.NAA 
Price  code  A02 

Order  from 

National  Technical  Information  Service 
5285  Pon  Royal  Road 
Spnnglield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government  Neither  the  United  Stales  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  horn  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  MMT4XX5005 


Filing  Code:  94G104 


CAD/CAM  Process  for  Cold-Forged  Gears 

The  GEARDI  program  advances  the  design  and 
production  of  spur  and  helical  gears. 


The  U.S.  Army  Tank-Automotive  Command  has 
developed  a  CAD/CAM  system,  named  GEARDI 
(see  figure),  and  has  applied  it  to  the  analysis  of  the 
forging  and  extrusion  of  spur  and  helical  gears  with 
net  formed  teeth.  The  program  met  its  specific  ob- 
jectives as  follows: 

•The  interactive  computer  program  GEARDI 
allows  the  user  to  design  dies  for  forming  spur 
and  helical  gears;  the  necessary  gear  profile 
geometry  and  metal-forming  parameters  are  pro- 
grammed in  a  variable  format  to  allow  dies  to  be 
designed  for  specific  applications.  GEARDI  has 
reduced  the  time  required  to  design  and 
manufacture  gear-forming  dies  —  which,  for 
spur  gears,  were  produced  with  a  high  degree  of 
accuracy:  designed  to  be  an  AGMA  quality  Class 
7  gear,  the  extruded  spur  gears  were  between 
Classes  7  and  8,  indicating  the  ability  of  the  com- 
puter program  to  compensate  for  elastic  deflec- 
tion and  bulk  shrinkage  of  the  extrusion  dies.  The 
rather  poor  quality  of  the  helical  gears  —  design- 
ed to  be  Class  7  but  extruded  to  Class  5  —  in- 
dicates technical  problems  that  must  be  solved 
before  this  type  of  gear  can  be  extruded  suc- 
cessfully on  a  production  basis. 
•The  GEARDI  program  also  produces  the  ap- 
propriate output  for  manufacturing  gear-forming 
dies  using  Electrical  Discharge  Machining  (EDM) 
methods,  thus  reducing  the  cost  of  die  and  pro- 
cess development. 
•The  GEARDI  system  can  be  used  for  most  spur 
and  helical  gears.  The  program  is  easy  to  learn 
and  simple  to  use. 
Project  officer  T.  Alton 
(313)  574-6373  or  AV  786-6373. 


I 

„„,„ 

D«i»lfi 

«m,ng 

(Sl*b  Me 

""•" 

CJkuljte  Local  EIjioc 

Die  Deflection,  During  Forming 

IF, ml.  Elementl 


Oedne  F.m.h  de 


The  GEARDI  Program  reduces  the  time  required  to 
design  dies  for  the  cold  forging  of  spur  and  helical  gears. 


FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report's)- 

Computer-Aided  Design  (CADyComputer-Aided  Manufacturing  (CAM)  tor 

the  Production  of  Cold  Forged  Gears 

Order  number:  ADA  15575&NAA 

Price  code:  A 1 1 
Order  from 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  US  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behall  ol  the  United  States  Government  assumes  any  liability  resulting  Irom  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  51A056 


Generation  of  Spiral-Bevel  Gears 

A  computer  program  helps  eliminate  kinematic 
errors  in  the  motion  transmission. 


The  U.S.  Army  Aviation  Research  and  Technolo- 
gy Activity  —  AVSCOM  investigated  spiral-bevel- 
gear  geometry,  using  the  standard  laws  of  kinema- 
tics for  spatial  gearing  as  well  as  important  results 
from  the  differential-geometry  field.  The  object  was 
to  eliminate  kinematic  errors  in  the  motion  trans- 
mission because  such  errors  are  a  major  source  of 
noise  and  vibration  (see  figure).  A  computer  pro- 
gram was  created  that  simulates  the  cutting  and 
meshing  processes  for  the  pinion  and  gear.  The 
computer  program  yielded  the  tooth  geometry, 
contact  path,  kinematic  error,  and  contact  ellipse 
between  the  mating  gear  teeth. 

The  following  results  were  obtained: 
•  A  new  method  for  generation  of  spiral-bevel  gears 
with  zero  kinematical  error  was  developed. 
Gleason-gear-generating  equipment  may  be 
used.  Practical  considerations  of  using  standard 
blade  angles  give  nonzero  but  still  very  small 
kinematic  errors. 
•The  new  generation  method  was  confirmed  by 
calculations  run  on  a  digital  computer  program 
for  tooth-contact  analysis. 
•The  generation  process  takes  place  under  the  re- 
quirement of  a  constant  direction  for  the  contact 
normal  during  the  process  of  meshing.  The  proc- 
ess may  be  imagined  as  if  the  tooth-surface  nor- 
mal is  carried  by  two  mating  ellipses. 
•The  new  process  provides  that  the  contact  ellipse 
moves  lengthwise  along  the  tooth  in  the  most  ad- 
vantageous way  for  good  lubrication. 
Project  officer  John  J.  Coy 
(216)  433-4000,  X  221  or  FTS  294-6221. 


2  3  4 

Frequency,  kHz 

Vibrations  in  a  Helicopter  Transmission  were 
measured  by  placing  an  accelerometer  on  a  transmis- 
sion housing.  The  bevel-gear  mesh  caused  the  most 
noise  and  vibration.  By  comparison,  the  planetary-spur- 
gear  stage  was  relatively  quiet. 


FOR  ADDITIONAL  INFORMATION. 

Vbu  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reoon(s' 
Generation  ot  Spiral  Bevel  Gears  With  Zero  Kinematical 
Errors  and  Computer  Aided  Tooth  Contact  Analysis- 
Order  number:  AD-A167555/NAA 
Price  code:  A02 

Order  Irom: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  ot  the  United  States  Government  assumes  any  liability  resulting  Irom  the  use  ot  the  in/ormation 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  51A057 


Fatigue  Life  of  a  Turboprop  Gearbox 

A  computer  analysis  agrees  well 
with  field  experience. 


A  fatigue-life  analysis  has  been  performed  on 
the  reduction  gearbox  of  a  turboprop  aircraft.  The 
gearbox  consisted  of  11  rolling-element  bearings 
and  nine  spur  gears  in  the  main  power  train  (see 
figure). 

The  analysis  for  the  U.S.  Army  Aviation  Systems 
Command  used  the  methods  of  probability  and  sta- 
tistics to  evaluate  the  gearbox  life  and  reliability  on 
the  basis  of  the  life  and  reliability  of  its  components. 
Cylindrical-roller-bearing  lives  were  determined  by 
the  computer  program  CYBEAN.  Ball-bearing  lives 
were  determined  by  SHABERTH  and  spherical- 
roller-planet-bearing  lives  were  determined  by 
SPHERBEAN.  All  programs  use  the  Lundberg- 
Palmgren  theory  to  calculate  life. 

The  five-planet-bearing  set  was  the  shortest 
lived,  according  to  the  analytical  predictions.  In 
field  experience,  this  bearing  also  had  the  greatest 
incidence  of  failure. 

The  analytical  life  predictions  showed  excellent 
agreement  with  field  experience  when  material- 
life-adjustment  factors  were  used  alone.  The  ana- 
lytical method  predicted  lower  lives  than  field  ex- 
perience when  lubrication  life-adjustment  factors 
were  used  alone  or  in  combination  with  material 
factors. 

Project  officer  John  J.  Coy 
(216)  433-4000,  x221,  or  FTS  294-6221. 
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The  Gearbox  uses  two  stages  of  reduction.  The  input- 
pinion  speed  is  constant  at  1 3,820  r/min  and  produces  a 
carrier-output  speed  of  1,021  r/min. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
Fatigue  Lite  Analysis  of  a  Turboprop  Reduction  Gearbox. 
Order  number:  AD-A165877/NAA 
Price  code  A03 

Order  from. 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  Horn  the  use  ol  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  DAAK  10-83-C-0248 


Filing  Code:  941117 


Recycling  Uranium-Bearing  Machining  Chips 

A  recycling  process  proves  to  be  not 
only  practical  but  also  economical. 


A  program  has  demonstrated  the  feasibility  of  in- 
troducing titanium  machining  chips  containing  0.74 
weight  percent  depleted  uranium  into  a  vacuum- 
remelting  stream  for  large-caliber  core  penetra- 
tors.  Compacting  the  chips  into  briquettes  was 
selected  as  the  recycling  method  because  it  al- 
lowed the  least  costly  process  technology  to  be 
used  with  currently  available  production  process 
equipment. 

The  program  for  the  U.S.  Army  Research  and 
Development  Center  showed  that  cores  meeting 
specifications  could  be  produced  from  a  heat  of 
material  containing  7  percent  recycled  machining 
chips.  The  program  also  showed  that  the  recycling 
process  is  economically  attractive. 

The  process  involves  sorting  and  blending 
coarse  (type  A)  and  fine  (type  B)  chips  to  the  desired 
proportions  (see  figure).  Chips  are  then  crushed  dry 
and  screened  on  a  12-mesh  sieve.  Fine  chips  fall 
through  the  sieve,  and  the  large  chips  that  remain 
are  washed  in  an  ionic-detergent  solution,  rinsed 
in  water,  and  air-dried.  They  are  pickled  in  a  nitric- 
acid  solution  and  again  rinsed  in  water.  Dried  again, 
they  are  stored  in  air  or  under  dry  ice.  Finally,  they 
are  pressed  into  briquettes  under  300-ton 
(3.5  x  108  Pa)  pressure.  The  briquettes  are  stored 
in  air  or  under  dry  ice  until  they  are  weighed  as  a  re- 
melt  furnace  charge. 
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Rough  and  Fine  Machining  Chips  were  combined  in 
various  proportions  to  form  test  groups.  They  were  then 
subjected  to  the  sequence  of  process  steps. 


FOR  ADDITIONAL  INFORMATION 

you  can  team  more  details  about  this  technology  by  ordering  the  NTIS  e. . 
Production  Prove  Out  of  a  Process  for  Remelting  Depleted  Uranium 
Machining  Chips  by  Vacuum  Induction 
Order  number  AO-A165790/NAA 
Price  code  A07 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  0/  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  ol  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights 
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Levitation  With  a  Single 
Acoustic  Driver 

Using  one  driver  instead  of 
three  makes  levitation 
easier  to  control. 


A  pair  of  reports  describes  acoustic- 
levitation  systems  in  which  only  one 
acoustic  resonance  mode  is  excited,  and 
therefore  only  one  driver  is  needed.  The 
systems  employ  levitation  chambers  of 
rectangular  and  cylindrical  geometries. 

Until  now,  a  typical  acoustic  levitator 
contained  three  acoustic  drivers  that  pro- 
duced three  orthogonal  acoustic  waves  or 
modes.  However,  there  are  many  compli- 
cated interactions  among  the  three 
drivers.  It  is  necessary  to  monitor  and  con- 
tinually adjust  each  driver  to  ensure  that  a 
sample  remains  levitated,  does  not  rotate, 
and  does  not  become  distorted  or  broken 
up.  The  single  mode  levitators  eliminate 
the  interactions  among  drivers  and  are 
therefore  simpler  to  operate.  They  thus 
make  acoustic  levitation  more  practical  as 
a  means  of  containerless  processing  of 
materials. 


The  reports  first  describe  the  single 
mode  concept  and  indicate  which  modes 
can  be  used  to  levitate  a  sample  without 
rotation.  Each  of  these  single  modes  has 
one  or  more  unique  positions  inside  the 
chamber  at  which  the  sample  will  stably 
levitate.  Thus,  the  location  of  the  sample  in- 
side the  levitation  chamber  can  be  con- 
trolled by  choosing  the  appropriate  single 
mode. 

The  reports  then  go  on  to  describe  sys- 
tems in  which  controlled  rotation  of  the 
sample  can  be  introduced.  For  both  geo- 
metries, one  primary  driver  is  used  to  ex- 
cite a  single  mode  for  levitation  as  de- 
scribed above.  Auxiliary  drivers  are  used  to 
excite  other  modes  to  rotate  the  sample. 
The  axis  of  rotation  is  chosen  by  selection 
of  appropriate  chamber  dimensions  and 
the  auxiliary  modes.  These  new  driver  con- 
figurations differ  from  a  rectangular  three- 


axis  levitator  with  rotation  in  that  the  levita- 
tion and  rotation  controls  are  separated 
from  each  other. 

This  work  was  done  by  Martin  B. 
Barmatz,  Mark  S.  Gaspar,  and  James  L 
Allen  of  Caltech  for  NASA's  Jet  Propu!- 
stoo  Laboratory. 

This  is  the  invention  of  a  NASA  em- 
ployee, and  a  patent  application  has  been 
filed.  Inquiries  concerning  license  for  its 
commercial  development  may  be  ad- 
dressed to  the  inventor,  Mr.  Edward  Ansell 
(CIT  Waiver),  Director  of  Patents  and 
Licensing,  California  Institute  of 
Technology,  Pasadena  CA  91125. 
Refer  to  NPO-1624&NPO- 16376.  fTN 

Jet  Propulsion  Laboratory 
Technology  Utilization  Manager: 
Norman  L  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Navy  Manufacturing  Technology 

AhWKF  Automated  Manufacturing  Research  Facility 

National  Bureau  of  Standards,  Gaithersburg,  MD  20899 


Bearing  Refurbishment  Implemented 


Various  developments  over  the  past 
several  years  have  resulted  in  dramati- 
cally rising  costs  and  long  lead  times 
for  procurement  of  critical  aircraft 
bearings.  NAVAIR  ManTech  Project 
No.  1447  "Critical  Aircraft  Bearing 
Refurbishment"  was  initiated  with  the 
objective  of  addressing  these  problems. 
Under  this  project,  the  North  Island 
Naval  Aircraft  Rework  Facility 
(NARF-NORIS)  has  developed  equip- 
ment and  procedures  necessary  to 
repair  and  rebuild  aircraft  bearings 
that  would  otherwise  be  discarded. 
Bearing  refurbishment  requires  tech- 
niques for  rebuilding  used,  out-of-spec 
bearings  into  usable  assemblies  that 
meet  all  acceptance  criteria  of  new 
bearings. 

Bearing  rework  operations  consist 
of  four  distinct  categories  and  are 
identified  by  levels  of  rework: 

•  Level    I    —    Processing   Bearings, 

•  Level     II    —    Refurbishment    of 
Bearings, 

•  Level  III  -  Regrind  of  Bearings, 

•  Level   IV  —  Remanufacturing  of 
Bearings. 


NARF-NORIS  collected  inspection 
and  rejection  data  on  J52,  TF34, 
and  J79  engine  bearings  and  H-46 
helicopter  rotor  head  swashplate  bear- 
ings and  proceeded  to  generate  rework 
guidelines.  Several  contracts  were  let 
for  rig  testing  and  replacement  parts. 
Four  contracts  with  Fafnir  and  TRW 
were  essentially  for  rig  testing.  Two 
contracts  with  Winsted  and  Rollway 
were  for  replacement  balls  and  rollers. 
This  project  developed  organic,  Level 
II  bearing  rework  processes,  proce- 
dures, tooling  and  equipment. 

A  step-by-step  procedural  document 
for  bearing  refurbishment.  Local  Proc- 
ess Specification  (LPS)  805,  was 
developed  directly  from  this  project. 
Tooiing  and  fixtures  necessary  for 
refurbishment  have  also  been  devel- 
oped —  including  17  gages,  tools  and 
fixtures,  3  disassembly  presses,  and 
6  specs  for  manufacture  or  procure- 
ment of  new  components.  NARF- 
NORIS  is  now  developing  a  pilot 
overhaul  plan  for  bearing  refurbish- 
ment which  is  based  on  the  generic 
rework  spec  generated  by  this  project. 


FAILED  STARING  OUTER  RING  ANO  BALL 
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Full  production  capability  should  be 
in  place  within  five  years. 

Implementation  of  this  project  has 
resulted  in  significant  savings  of  both 
time  and  money  by  extending  the 
useful  lives  of  precision  bearings. 
Most  bearings  can  be  refurbished  to 
the  same  level  of  quality  and  reliability 
as  new  bearings  for  30-50%  of  the 
cost  of  new  bearings.  Level  II  rework, 
rather  than  replacement,  of  all  bear- 
ings in  a  J52  engine  results  in  a  $9050 
cost  avoidance.  The  same  rework  in  a 
TF34  engine  results  in  a  $1523  cost 
avoidance.  (These  figures  are  in  1984 
dollars  and  overhead  rates.)  From 
July  1983  to  September  1985,  975 
bearings  were  reworked  at  a  savings 
to  the  Navy  of  $456,122.  Additional 
savings  have  been  accrued  since  that 
time. 

A  perfect  example  of  refurbish- 
ment as  a  solution  to  critical  bearing 
non-availability  is  illustrated  in  a 
recent  problem  with  supply  of  bear- 
ings for  the  Navy's  J52  engine  used  in 
the  A-4  and  A-6  aircraft.  Few  manu- 
facturers now  make  the  bearings  for 
this  old  engine,  and  long  lead  times 
with   existing  qualified  manufacturers 


had  resulted  in  a  critical  supply  short- 
age. Engines  at  NARF  Jacksonville 
were  under  work-stoppage  status  for 
lack  of  mainshaft  bearings.  Messages 
were  sent  out  to  depots  and  Aircraft 
Intermediate  Maintenance  Depart- 
ments (AIMOs)  to  ship  rejected 
bearings  to  NARF  -  NORIS.  The 
equipment,  the  procedures,  and  the 
skills  developed  under  this  project 
alleviated  the  crisis  at  a  fraction  of 
the  cost  of  new  bearings. 

There  was  no  end-of-project 
demonstration  held  on  this  project. 
However,  the  final  report  is  available 
to  interested  individuals.  A  video- 
tape, prepared  by  NARF -NORIS, 
details  the  refurbishment  processes 
developed  and  is  available  in  U-Matic 
3/4"  format,  or  by  special  request,  in 
VHS  1/2"  format. 


For  Additional  Information: 

To  discuss  this  effort  further, 
contact: 

Mr.  R.  Jablonski  (Code  9303) 

Naval  Air  Engineering 
Center 

Lakehurst,  NJ  08733 

(201)  323-2174 
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Making  Highly  Pure  Glass  Rods 

A  quasi-containerless  process  might  be 
used  to  make  optical  fibers. 


A  proposed  quasi-containerless  method 
for  making  glass  rods  or  fiPers  would 
minimize  the  contact  between  the  proc- 
essing equipment  and  the  product.  The 
method  would  allow  a  greater  range  of 
product  sizes  and  shapes  than  have  thus 
far  been  achieved  in  experiments  on  con- 
tainerless  processing. 

Most  research  and  development  on 
containerless  processing  involves  levitat- 
ing materials  by  aerodynamic  or  acoustic 
forces  or  allowing  materials  to  fall  through 
long  tubes  while  their  temperatures  are 
varied.  With  these  methods,  the  speci- 
mens assume  a  spherical  shape  becuse 
of  surface  tension  in  the  molten  materials. 
In  addition,  the  specimens  are  necessari- 
ly small  because  of  the  physical  limita- 
tions of  the  equipment  and  the  low  ther- 
mal conductivities  of  the  melts,  which 
limit  the  heating  and  cooling  rates  in  the 
containerless  environment. 

In  contrast,  the  new  quasi-container- 
less concept  would  enable  the  formation 
of  glass  rods.  The  rod  diameter  would  be 
limited  only  by  the  amount  of  power 
available  to  melt  through  the  polycrystal- 
line  raw  material.  To  a  large  extent,  the 
method  would  retain  the  advantages  of 
true  containerless  processing.  It  would 
eliminate  contamination  of  the  melt  by  a 
crucible.  It  would  also  eliminate  prema- 
ture nucleation  by  contact  with  a  con- 
tainer and  would  thus  permit  deep  under- 
cooling and  unusual  glass  compositions. 

According  to  the  concept,  the  starting 
material  is  a  rod  of  either  a  polycrystalline 
or  gel  precursor  of  the  amorphous  glass 
product.  In  rod  form,  the  precursor  is 
placed  in  a  furnace  of  two  movable 
halves,  each  containing  two  temperature 
zones  (see  figure).  The  walls  of  zones  A 
are  heated  to  just  below  the  melting  point 
of  the  rod.  The  walls  of  zones  B  are  ad- 


Furnace  Halves 


STEP  1.  PRELIMINARY  HEATING 

Glass 


Melt 


STEP  2:  SEPARATION  OF  FURNACE  HALVES  AND  BEGINNING  OF  SOLIDIFICATION 

Glass  *- 


Clamp  V. 


Material 


STEP  3:  SUPPORTING  CLAMP  APPLIED  AS  GLASS  ROD 
LENGTHENS 


Glass  Rod        Glass        Melt 
Fiber 


I    Glass 


=4 


Raw 
Material 


ALTERNATIVE  STEP  3:  RAPID  PULLING  OF  CLAMP 
TO  FORM  GLASS  FIBER 


A  Molten  Zone  Is  Established  in  a  polycrystalline  rod.  Furnace  sections  are  separated,  and  a 
glass  rod  solidifies  between  them.  A  clamp  then  supports  the  solid  glass  as  it  grows  in  length. 
Pulling  the  clamp  rapidly  away  from  the  melt  draws  a  glass  fiber.  The  fiber  diameter  could  be 
controlled  by  adjustment  of  the  pulling  rate. 
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justed  at  the  junction  of  the  halves  so  that 
they  melt  a  short  zone  of  the  rod.  (As  in 
standard  floating-zone  refining,  the  rod 
may  be  pulled  through  the  furnace  a  few 
times  to  become  purified  and  have  uni- 
formly distributed  dopants.) 

The  sections  of  the  furnace  are  slowly 
separated,  moving  the  molten  regions 
outward  along  the  rod.  The  central  melt 
cools  by  radiation  and  gradually  solidifies 
as  a  glass.  Premature  nucleation  is  avoid- 
ed because  nothing  contacts  the  cooling 
material  except  the  molten  zones,  which 
have  the  same  composition  as  that  of  the 
cooling  material. 

In  most  glasses,  increasing  tempera- 
tures cause  the  surface  tensions  to  de- 
crease. Therefore,  bubbles  in  the  newly 
formed  glass  melt  would  ordinarily  tend  to 


migrate  out  of  the  cooler  solidifying  rod 
toward  the  hotter  melts  in  zones  B. 

Initially,  the  solidified  glass  must  be 
supported  by  the  surface  tension  of  the 
molten  zones.  If  the  process  is  conducted 
in  low  gravity,  longer  unsupported  regions 
are  possible.  External  clamps  may  be  ex- 
tended to  brace  the  glass  rod  after  it  has 
begun  to  solidify.  Such  a  clamp  may  be 
used  to  draw  the  rod  into  an  optical  fiber, 
as  shown  in  the  figure. 

This  work  was  done  by  Robert  J. 
Naumann  of  Marshall  Space  Flight 
Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 


Counsel,  Marshall  Space  Flight  Center 
Refer  to  MFS-28090  /TN 

George  C.  Marshall  Space 
Flight  Center 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Robotic  Vision  for  Welding 

The  view  from  the  welding  head  is 
used  to  control  the  welder. 


A  vision  system  for  a  robotic  welder 
looks  at  a  weld  along  the  axis  of  the  weld- 
ing electrode.  The  vision  system  gives  the 
robot  a  view  of  most  of  the  weld  area,  in- 
cluding the  yet-unwelded  joint,  the  weld 
pool,  and  the  completed  weld  bead. 

The  viewing  optics  are  contained  with- 
in the  gas  cup  of  a  gas/tungsten  arc 
welder  (see  figure).  The  optical  compo- 
nents are  thus  protected  from  the  heat, 
corrosive  gas,  and  spattered  metal  just 
outside  the  cup.  Moreover,  the  compo- 
nents do  not  interfere  with  the  workpiece 
or  hinder  tool  movement.  Although  the 
optical  components  are  shielded  by  the 
electrode  from  the  intense,  direct  light 
rays  from  the  core  of  the  arc,  they  never- 
theless view  the  bright  light  cast  on  the 
weld  area  and  from  it  produce  a  detailed 
image.  A  control  computer  analyzes  the 
changing  image  in  real  time  to  guide  the 
robot  and  adjust  such  welding  parame- 
ters as  current  and  wire  feed. 

A  lens  in  the  gas  cup  focuses  an  image 
of  the  weld  area  onto  the  end  of  a  fiber- 
optic bundle.  The  torch  lens  is  mounted  in 
a  ring  having  30-mm  outside  diameter.  A 
filter  window  protects  the  lens  and  the 
fiber-optic  bundle  from  the  welding  environ- 
ment; the  window  passes  wavelengths 
around  800  nanometers.  It  absorbs  the 
visible  and  ultraviolet  radiation  from  the 
arc  and  the  longer  infrared  wavelengths 
from  the  incandescent  weld  pool.  Cooling 
water  flowing  through  the  torch  body  re- 
moves the  heat  of  the  absorbed  radiation. 
The  window  also  blocks  fumes  and  spat- 
tered metal. 

The  fiber-optic  bundle  is  composed  of 
more  than  100,000  glass  fibers,  each  10 
to  12  urn  in  diameter  and  7  ft  (2.1  m)  long. 
The  fibers  are  arranged  in  a  circular  ma- 
trix. At  each  end,  the  bundle  is  encased  in 
a  stainless-steel  ferrule,  and  the  end  sur- 
faces are  ground  and  polished.  The  bun- 
dle is  sheathed  in  an  oil-filled  plastic  tube. 
The  packaged  bundle  is  highly  flexible  to 
allow  fast  and  wide-ranging  movement  of 
the  robot  arm  and  torch. 


The  bundle  carries  the  image  to  a 
video  camera  atop  the  robot-manipulator 
boom.  A  cable  carries  the  video  signal  to 


a  control  console,  where  the  raw  signal  is 
processed  into  analog  and  digital  video 
signals  for  the  computer. 


Coaxial 

Gas/Tungsten  Arc 

Torch 


Cold  Welding 
Wire 


\w 


Protected  Within  a  Welding-Torch  Body,  a  lens  and  fiber  bundle  give  a  robot  a  closeup 
view  of  a  weld  in  progress.  Relayed  to  a  video  camera  on  the  robot  manipulator  frame,  the 
weld  image  provides  data  for  automatic  control  of  the  robot  motion  and  the  welding 
parameters. 
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The  computer  is  based  on  an  8-bit, 
1-MHz  microprocessor.  It  has  96  kilo- 
bytes of  memory  and  uses  54  kilobytes  of 
software,  written  in  Assembler  language. 
The  software  includes  30  kilobytes  of 
specially  written  programs  for  processing 
images,  controlling  the  robot,  and  inter- 
acting with  users.  The  software  consists 
of  the  following  four  modules: 

1.  The  vision-system  module  supports 
basic  system  operation. 

2.  The  image-processing  system  mod- 
ule provides  real-time  processing  of 
video  images  to  extract  the  locations 
of  the  weld  features. 

3.  The  "weld  teach"  module  handles 
programming  of  the  robot  for  specific 
welding  jobs. 


4.  The  vision-utilities  module  accommo- 
dates communication  with  remote 
systems,  controls  video  recording  of 
welding,  and  handles  other  supporting 
functions. 

From  the  processed  image  data,  cross- 
seam  control  commands  are  generated 
for  one-dimensional  control  of  the  robot 
path  to  center  the  pool  on  the  weld  joint.  A 
signal  representing  the  width  of  the  joint  is 
generated  and  used  to  control  the  feed  of 
welding  wire  into  the  weld.  A  signal  repre- 
senting the  weld-pool  width  is  used  to  con- 
trol the  welding  current. 

This  work  was  done  by  Richard  W. 
Richardson  of  the  Ohio  State  University 
Research  Foundation  for  Marshall 
Space  Flight  Center. 


In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to: 

James  B.  Wilkens,  Patent 

Administration 

The  Ohio  State  University  Research 

Foundation 

1314  Kinnear  Road 

Columbus,  OH  43212. 
Refer  to  MFS-27119,  /TN 
George  C.  Marshall  Space 
Flight  Center 
Technology  Utilization  Officer: 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr 
Mail  CodeCCOl 
Marshall  Space  Flight  Center, 
AL  35812 
(205)544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Flexible  Diaphragm  Withstands  Extreme  Temperatures 

This  diaphragm  seals  and  retains  its  flexibility  from 
-200  to  +60Q°F(-129to  +316°C). 


A  diaphragm  seal  retains  flexibility 
throughout  the  temperature  range  of 
-200  to  +600°F  (-129  to  +316°C). 
The  diaphragm  is  durable,  simple,  ver- 
satile, and  relatively  inexpensive  to 
manufacture.  Developed  specifically  for 
the  Space  Shuttle  orbiter,  the  diaphragm 
should  be  suitable  for  refrigeration  seals, 
autoclaves,  storage  lockers,  and  other 
sealing  applications  subjected  to  ex- 
treme temperature  differentials. 

The  diaphragm  (see  figure)  consists  of 
two  outer  layers  of  silicone  rubber  on  an 
inner  layer  of  glass  fabric  impregnated 
with  an  adhesive.  The  fabrication  process 
involves  the  following  sequence  of  steps: 

1 .  An  aluminum  male  layup  mold,  ma- 
chined 2  percent  oversize  to  allow  for 
the  shrinkage  of  the  silicone  rubber,  is 
cleaned  with  1,1,1-trichloroethane. 

2.  A  continuous  coat  of  adhesive  is 
sprayed  on  the  working  surface  and 
allowed  to  develop  a  good  tack. 

3.  To  aid  the  removal  of  air  during 
vacuum  bagging,  a  first  bleeder  layer 
of  glass  fabric  is  applied  smoothly  to 
the  adhesive,  with  the  warp  in  the  long 
direction  of  the  mold  and  extending 
beyond  the  diaphragm  edge. 

4.  The  bleeder  fabric  is  coated  and 
saturated  with  a  release  agent;  for  ex- 
ample, a  fluorocarbon  parting  agent. 

5.  The  first  layer  or  sheet  of  calen- 
dered, uncured  silicone  rubber  is 
applied  without  wrinkles  to  the 
bleeder  fabric.  Good  results  have 
been  obtained  with  calendered,  un- 
cured methyl  phenyl  siloxane  poly- 
mer sheet  0.030  in.  (0.076  cm)  thick. 

6.  The  inner  layer  of  continuous  glass- 


inner  Layer 

of 
Glass  Fabric 


CROSS  SECTION  OF  FINISHED  DIAPHRAGM 


Bleeder  Layer 
(Glass  Fabric) 


Outer  Layers 
of  Silicone 
Rubber 


Vacuum 
Bag 


Parting 
Fabric 


Silicone 
RubOei 


Inner  Layer 
of  Glass  Fabric 

Silicone 

Rubber 


Bleeder  Layer 
(Glass  Fabric) 

Layup  (Working) 
Surface 
'Mold 

FABRICATION  ON  MOLD 

The  Flexible  Diaphragm  contains  a  glass-fabric  layer  sandwiched  between  two  silicone-rubber 
layers. 


NTIS  Tech  Notes    May  1987 


045 


c: 


fabric  reinforcement  is  applied  without 
wrinkles,  splices,  or  folds  to  the  first 
layer  of  silicone  rubber,  maintaining 
the  warp  direction  and  extending  be- 
yond the  edge  of  the  silicone  rubber. 

7.  The  reinforcing  layer  is  impregnated 
with  diluted  silicone-rubber  adhesive 
primer. 

8.  The  second  silicone-rubber  layer  is  ap- 
plied. 

9.  A  layer  of  f  luorocarbon-coated  or  other 
parting  fabric  is  applied  to  the  second 
layer  of  silicone  rubber. 

10.  The  parting  fabric  is  covered  with  a 


layer  of  bleeder  fabric  extending  be- 
yond the  edge  of  the  silicone  rubber. 

1 1 .  A*  vacuum  bag  is  sealed  to  the  layup 
mold  over  the  preceding  layers. 

12.  A  vacuum  is  slowly  applied  between 
the  vacuum  bag  and  the  mold,  and  the 
assembly  of  layers  is  cured  at  345  °F 
(1 74  °C)  with  a  pressure  of  75  psi  (520 
kN/m2)  applied  externally  to  the 
vacuum  bag. 

13.  The  assembly  is  cooled,  the  vacuum 
and  pressure  are  released,  and  the 
finished  diaphragm  is  removed  from 
the  first  bleeder  layer  and  the  parting 


layer. 
1 4.  The  diaphragm  flanges  are  trimmed  to 
the  finished  dimensions. 

This  work  was  done  by  Guillermo  Lerma 
of  Rockwell  International  Corp.  for 
Johnson  Space.  Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Johnson  Space  Flight  Center 
Refer  to  MSC-20797. /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
William  Chmylak 
Mail  Code  AL32 
Houston  TX  77058 
(713)483-3809 
Patent  Counsel: 
Marvin  F.  Matthews 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWl 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Smoother  Scribing  of  Silicon  Wafers 

Ethanol  alters  the  normally  brittle  character  of  the  silicon 
wafers  into  a  more  ductile  material  for  smoother  scribing. 


Groove 


Cutting 
Force 


Rotation 


I  Diamond 
Pyramid 


With  Water  With  Ethanol 

SCANNING-ELECTRON  MICROGRAPHS  OF  GROOVES 


With  Acetone 


A  Groove  Is  Cut  in  a  3-in.  (7.62-cm)  wafer  by  a  diamond  point.  With  water  as  a  lubricant,  the  groove  is  rough  and  uneven;  with  ethanol,  the 
groove  is  smoother  and  more  sharply  defined.  Intermediate  results  are  obtained  with  acetone. 


A  proposed  new  tool  may  be  used  to 
scribe  silicon  wafers  into  chips  more 
smoothly  than  was  possible  before.  The 
new  scriber  produces  a  surface  that  ap- 
pears ductile.  The  scribed  groove  cuts 
have  relatively  smooth  walls. 

The  scriber  would  consist  of  a  dia- 
mond pyramid  point  on  a  rigid  shaft. 
Ethanol  would  flow  through  the  shaft  and 
around  the  point,  like  ink  in  a  ballpoint 
pen. 


Ethanol  has  a  significantly  different  ef- 
fect for  scribing  silicon  than  water,  which 
is  used  in  conventional  diamond  scribers. 
The  ethanol  apparently  adsorbed  by  the 
silicon  surface  softens  it  for  cutting.  The 
effectiveness  of  ethanol  as  a  scribing  lubri- 
cant was  discovered  in  a  study  of  abrasion 
mechanisms  in  silicon.  Wafers  of  polished 
silicon  were  rotated  under  a  stationary  dia- 
mond pyramid  while  im-mersed  in  various 
fluids  (see  figure).  The  resulting  grooves 


were  examined  with  a  scanning  electron 
microscope.  For  a  given  cutting  speed 
and  force  on  the  diamond,  the  water-lu- 
bricated groove  showed  rougher,  uneven 
walls,  as  compared  with  the  ethanol-lubri- 
cated  groove. 

777/s  work  was  done  by  Steven  Danyluk 
of  the  University  of  Illinois  for  Caltech  and 
NASA's  Jet  Propulsion  Laboratory 
NPO-16568  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  6210100  Ext.  241 
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Spaco  Administration 

Marshall  Space  Flight  Center,  Alabama 


Covering  Cavities  by  Electrodeposition 

A  reworking  technique  allows 
complex  surfaces  to  be  reshaped. 


The  contours  of  large  machined  parts 
can  be  reworked  quickly  and  inexpen- 
sively by  electrodeposition  and  machin- 


ing, with  little  risk  of  damage.  The 
reworking  method  employs  simple,  re- 
liable, well-known  procedures 


Main 
Cavity 


Electrodeposited 
Copper 


Dram  Hole 
>  (Rotated  Into 
View) 


Electrodeposited  Copper  Closes  Off  an  acoustic  cavity  near  the  main  cavity.  A  hole 
through  the  wall  vents  these  two  cavities  to  each  other. 


The  method  was  used  to  modify  for 
testing  the  main  combustion  chamber  of 
the  Space  Shuttle  mam  engine.  Thirty 
acoustic  cavities  adjoining  the  combus- 
tion chamber  had  to  be  sealed  off  to  eli- 
minate their  stabilizing  effect  during  a 
hot-fire  test 

The  cavities  were  filled  with  wax.  A 
groove  was  machined  around  the  inside 
circumference  of  the  main  combustion 
chamber  wall  to  a  depth  of  0.3  in. 
(7.62  mm).  The  groove  passed  through 
the  acoustic-chamber  openings.  Copper 
was  then  electrodeposited  in  the  groove 
until  the  surface  of  the  deposit  protruded 
slightly  out  of  the  groove  The  copper 
was  then  machined  so  that  it  was  flush 
with  the  chamber  wall  (see  figure). 

For  the  combustion-chamber  test,  it 
was  necessary  to  vent  the  acoustic  cavi- 
ties. Another  hole  was  drilled  through  the 
electrodeposited  copper  into  the  bottom 
of  one  cavity  so  that  liquid  accumulated 
in  the  cavities  could  drain. 

This  work  was  done  by  Melissa 
Schmeets  and  Joe  Duesberg  of 
Rockwell  International  Corp  for  Mar- 
shall Space  Right  Center  No  further 
documentation  is  available 
MFS-29084  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PO   Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


NTISTech  Notes    May  1987 


046! 


MANUFACTURING  TECHNOLOGY  NOTE 
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Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1A425M541A1A 


Filing  Code:  46E071 


Measuring  Fracture  Toughness  with  Arc-Tension  Samples 

Arc-tension  samples  prove  to  be  as  representative  of  mean 
characteristics  as  standard  compact  tension  samples. 


A  study  has  investigated  the  feasibility  of  using 
arc-tension  samples  for  measuring  fracture  tough- 
ness, J|C.  Arc-tension  samples  are  more  easily  ob- 
tained from  certain  structural  components  such  as 
cylindrical  pressure  vessels  than  are  the  standard 
compact-tension  or  three-point-bend  samples  de- 
fined in  ASTM  Method  E-813. 

The  study  by  the  U.S.  Army  Armament  Re- 
search and  Development  Center  measured  steel 
and  aluminum  samples  of  both  the  arc-tension  and 
the  compact-tension  types.  The  mean  values  of  Jtc 
from  the  arc-tension  and  compact-tension  samples 
of  pressure-vessel  steel  were  essentially  the  same, 
although  the  values  for  the  arc-tension  specimens 
were  more  scattered.  The  same  is  true  for  the 
aluminum  specimens. 

Reasonable  agreement  between  the  mean 
values  of  J,c  for  the  two  types  of  specimen  was 
found.  Nevertheless,  scatter  was  much  greater  for 
the  arc-tension  samples  than  for  the  compact-ten- 
sion samples.  Further  testing  would  be  necessary 
to  determine  whether  the  differences  are  a  result  of 
specimen  geometry  or  of  natural  material  scatter. 

Regardless  of  the  reasons  for  increased  scatter 
in  the  J)c  results  for  the  arc -tension  samples  versus 
the  compact-tension  samples,  it  is  encouraging 
that  the  mean  values  of  Jic  for  two  different  materi- 
als are  about  the  same  for  both  types  of  samples. 

To  determine  J)c  for  the  arc-tension  specimens, 
a  more  involved  calculation  is  necessary.  Jtc  must 
be  broken  into  its  elastic  and  plastic  components. 
Two  areas  under  the  load-displacement  curve 
must  be  measured. 
Project  officer  J.  A.  Kapp 
(518)  266-5319  or  AV  974-5319. 


Fracture  Toughness,  J, 
J                     (kJ/m2) 

Arc        J    Compact 
Material                            Tension         Tension 

Pressure  vessel  I                    75                  86 

steel                                      94                 76 

79          j        81 

j  Mean        82.6       [        81.0 

j  Standard 

I  deviation  10.0       I          5.0 

6061-T651                                   7.9                  9.4 

aluminum                                 5.5                 8.6 

16.1                 5.9 

j  Mean           9.8       J          8.0 
[Standard    5.56              1.83 
I  deviation 

Two  types  of  specimen  for  measuring  fracture  tough- 
ness, J|C,  are  compared.  The  arc-tension  specimens  are 
more  readily  prepared  from  pressure  vessels. 


FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reporti'sl 
J/c  Testing  Using  Arc-  Tension  Samples 
Order  number  AD-AI65783/NAA 
Price  code  A02 

Order  from 

National  Technical  Information  Service 
5285  Pon  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Performance  of  a  Centrifugal  Impeller 

The  impeller  was  tested  with  a  vaneless  diffuser  at  different 
impeller-area  ratios  and  impeller-exit  axial  widths. 


A  centrifugal  impeller,  initially  designed  for  a 
pressure  ratio  of  approximately  5.5  and  a  mass- 
flow  rate  of  0.959  kg/s,  was  tested  with  a  vaneless 
diffuser  for  a  range  of  design-point  impeller-area 
ratios  from  2.322  to  2.945  (see  figure).  In  the  study, 
conducted  by  the  U.S.  Army  Aviation  Research 
and  Technology  Activity  (AVSCOM)  and  NASA,  the 
impeller-area  ratio  was  changed  by  successively 
cutting  back  the  impeller-exit  axial  width  from  an  in- 
itial value  of  7.57  mm  to  a  final  value  of  5.97  mm. 

For  each  area  ratio,  a  series  of  impeller-exit  axial 
clearances  were  also  tested.  Test  results  were 
based  on  impeller-exit  surveys  of  total  pressure, 
total  temperature,  and  flow  angle  at  a  radius  1.115 
times  that  of  the  impeller-exit  radius. 

Results  of  the  tests  at  design  speed,  peak  effi- 
ciency and  an  exit  tip  clearance  of  8  percent  of 
exit-blade  height  show  that  the  impeller  equivalent- 
pressure-recovery  coefficient  peaked  at  a  design- 
point  area  ratio  of  approximately  2.748,  whereas 
the  impeller  aerodynamic  efficiency  peaked  at  a 
lower  area-ratio  value  of  approximately  2.55.  The 
variation  of  impeller  efficiency  with  clearance 
showed  expected  trends,  with  a  loss  of  approxi- 
mately 0.4  points  in  impeller  efficiency  for  each 
percent  increase  in  exit  axial  tip  clearance  for  all 
impellers  tested. 

The  data  also  indicated  that  the  impeller  would 
probably  separate  at  design  area  ratios  greater 
than  2.748.  An  analysis  performed  with  a  quasi- 
three-dimensional  inviscid  computer  code  con- 
firmed that  a  minimum  velocity  ratio  was  attained 
near  this  area  ratio,  thus  indicating  separation. 
Project  officer  Lawrence  F.  Schumann 
(216)  433-5913  or  FTS  297-5913. 


IMPELLER 
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BASELINE  IMPELLER 
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A  Centrifugal  Impeller  was  tested  at  four  different  area 
ratios  (indicated  by  the  b2  width  corresponding  to  upper 
dotted  lines  A  through  D),  each  area  ratio  being  tested  at 
a  series  of  exit  axial  clearances. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s). 
Effect  of  Area  Ratio  on  the  Performance  of  a  5.5:1  Pressure  Ratio 
Centrifugal  Impeller. 
Order  number:  ADA  165707/NAA 
Price  code:  A03 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Magnetic  Recording  Borescope 

During  firing*  the  bore  of  a  gun  tube  is  subjected  to  a  number  of 
adverse  conditions  including  high  mechanical  stress*  high  temperature. 
surface  abrasion,  and  corrosive  gases.  The  combined  action  of  these 
conditions  deteriorates  the  gun  tube  material.  A  critical  result  of 
such  degradation  is  formation  of  fatigue  cracks  originating  on  the  bore 
surface  and  propagating  outuard  through  the  wall.  When  first  formed 
such  cracks  may  not  be  significant  butt  as  they  propagate  and  become 
larger,  they  create  a  safety  hazard.  Advances  in  gun  tube  materials  and 
manufacturing  processes  have  greatly  improved  the  situation.  However, 
deterioration  and  the  attendant  safety  hazard  still  exist. 

To  overcome  this  situation,  about  ten  years  ago  the  Aberdeen  Proving 
Ground  (APG).  in  collaboration  with  the  Vatervliet  Arsenal,  developed  a 
system  for  the  nondestructive  inspection  of  gun  tube  bores.  The  system 
is  called  the  Ifagnetic  Recording  Borescope  (HRB)  and  has  the  capability 
of  detecting  cracks  using  magnetization  of  ferromagnetic  gun  tube 
material.  It  was  designed  to  inspect  all  caliber  cannon  tubes  in  the 
90-am  to  8"  range. 

Vhile  the  HRB  developed  worked  well,  it  still  had  limitations.  These 
deficiencies  were  attributed  to  five  basic  problems  and  thirty-nine 
changes  were  identified  to  correct  them.  Performance  specifications 
were  written  for  the  procurement  of  two  HRB  instrumentation  systems*  one 
for  use  at  APG  and  the  other  at  Vatervliet  Arsenal.  Two  HRB's  were  pur- 
chased and  placed  on-line  inspecting  105-mm  and  120- mm  gun  tubes.  The 
instrumentation  was  evaluated  for  durability,  maintainability,  human 
factors,  and  reliability. 

For  approximately  four  years,  failures  were  analyzed  and  corrected;  some 
by  replacing  components,  some  by  redesign.  During  the  on-line  evalua- 
tion of  the  HRB's.  32  malfunctions  occurred.  The  majority  were  mechani- 
cal or  electrical  type  failures.  All  of  the  HRB  malfunctions  occurred 
during  the  early  part  of  the  evaluation.  None  occurred  during  the  last 
year  of  the  project. 

As  a  result,  the  new  Hagnetic  Recording  Borescope  represents  the  state- 
of-the-art  in  nondestructive  testing  equipment  for  inspection  of  cannon 
tubes.  The  new  HRB  is  more  cost  efficient,  greatly  improves  the  quality 
of  cannon  tube  inspection,  and  has  demonstrated  a  high  degree  of  relia- 
bility and  maintainability.  All  the  shortcomings  of  the  old  HRB  have 
been  eliminated. 

For  more  information  concerning  this  project  or  a  copy  of  the  final 
technical  report  contact  the  U.S.  Army  Combat  Systems  Test  Activity 
(CSTA).  Aberdeen  Proving  Grounds.  HD  21005-5059  or  call  (301)  278-4102. 
Report  number:  USACSTA-6338. 
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465  Plastic  Film  from  Starch  and  Glycerol  (Licensing  Opportunity) 

466  Electrodeposition  of  Niobium — The  effects  of  temperature,  current 
density,  and  additives  were  investigated. 

Hot-lsostatic-Pressed  Steel  Powder — Good  mechanical  properties  were 
obtained  using  low-alloy  steel  powder. 

Stress  Effects  in  4340  Steel — The  effect  of  stress  on  Young's  modulus 
and  Poisscn's  ratb  was  determined  through  experiment  and  analysis. 
Densification  of  Sinterable  RBSN — The  effect  of  oxidation  on  sintering 
behavior  was  investigated. 

Causes  of  Delamination  in  Kevlar/Epoxy  Laminates —  Undercuring 
coupled  with  microcracking  and  subsequent  moisture  invasion  led  to 
delamination. 

Properties  of  Alumina-Fiber/Magnesium  Composites — The  mechanical 
properties  depend  on  fiber  content  and  fiber  orientation. 
Crack  Damage  to  Brittle  Materials:  Study  achieves  the  best 
understanding  of  this  process  to  date. 
Review  of  Sulfur  Construction  Materials 

Low-Resistivity  Zinc  Selenide  for  Heteroju notions —  Magnetron  reactive 
sputtering  would  enable  doping  of  this  semiconductor.  (Licensing 
Opportunity) 

Polyether/Polyester  Graft  Copolymers —  Higher  solvent  resistance  is 
achieved  along  with  lower  melting  temperature.  (Licensing  Opportunity) 
Iron/Phosphorus  Alloys  for  Continuous  Casting —  Continuous  casting 
becomes  practicable  because  of  reduced  eutectic  temperature. 

Testing  &  Instrumentation 

478       Hall-Effect  Borescope  Locates  Cracks  Precisely —  The  instrument 

records  data  automatically 

Thermal  Insulation  in  Tank  Cars —  Ceramic  fibers  keep  tank  contents  at  a 

low  temperature  when  the  car  is  involved  in  a  fire. 

Sound  Waves  Used  to  Detect  Flaws  in  Concrete 

Steel  Roughness  Measurement  Using  Infrared  Thermography 

Chemical  Characterization  of  Phenol/Formaldehyde  Resins —  Analytical 

procedures  characterize  resin  composition  and  behavior  before  and 

during  use.  (Licensing  Opportunity) 

Digital  Control  of  Durability-Testing  Burner  Rigs —  Surface  temperatures 

are  controlled  more  precisely  than  before. 
Software 
484       Slenium:  Finding  the  Delicate  Balance 

Identification  Manualfor  Phytoplankton  of  the  United  States  Atlantic 

Coast 

Intestines  Kept  Alive  in  Test  Tubes 

Assessing  the  Human/Computer  Interface —  Guidelines  are  given  for 

making  a  realistic  and  informative  assessment. 

Human  Tumor  Cells  and  Serum  Available 

Other  items  of  interest 

448       Injection-Molded  Thermoplastic  Electronic  Enclosures 

Making  Highly  Pure  Glass  Rods —  A  quasi-containerless  process  might 
be  used  to  make  optical  fibers.  (Licensing  Opportunity) 
Chromatopyrography/Mass-Spectrometry  of  Vulcanizates — 
Components  are  identified  in  a  relatively  simple  technique 
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Department  of 
Agriculture 


Licensing 
Opportunities 


Research  Technology 

Agricultural  Research  Service 


Plastic  Films  from  Starch  and  Glycerol 


Starch  from  corn  may  soon  replace 
petrochemicals  in  plastic  films.  And 
glycerol— a  byproduct  from  processing 
of  animal  fats,  soybeans,  and  other 
vegetable  oil  crops— may  one  day 
compete  with  petrochemicals  in  acrylic 
plastic  manufacturing. 

These  are  two  examples  of  how 
research  may  help  convert  the  nation's 
surplus  farm  commodities  into  needed 
industrial  products. 

Studies  at  the  USDA  Agricultural 
Research  Service  center  in  Peoria,  IL, 
show  that  starch  can  be  blended  into 
plastic  films  that  may  serve  as 
biodegradable  mulches  for  tomatoes  and 
other  high-value  crops.  "We  are 
working  on  new  formulas  for  mulches 
that  micro-organisms  can  break  down 
after  a  crop  is  harvested,"  says  chemist 
Felix  Otey. 

This  feature  preserves  the  environ- 
ment and  saves  the  expense  of  having 
to  remove  and  burn  or  bury  the 
mulches. 

Home  gardeners  and  farmers  use 
plastic  mulches  to  protect  crops  from 
weeds  and  drought  and  extend  the 
growing  season  by  warming  the  soil 
sooner  in  the  spring.  And  farmers  use 
them  to  produce  an  earlier  crop  that 
commands  a  good  price. 

An  estimated  285  million  pounds 
of  petroleum-based  plastic  film  was 
produced  in  1983  for  agricultural  use, 
according  to  an  industry  spokesman  at 
a  National  Agricultural  Plastics  Associ- 
ation meeting.  About  125  million 
pounds  of  that  plastic  was  used  for 
mulching.  Total  film  production  was 
projected  at  423  million  pounds  by 
1990.  but  Otey  suggests  the  projection 
may  prove  too  conservative  as  tech- 
nology advances. 

Starch-plastic  blends  have  other 
potential  applications.  They  could  serve 
as  wrappings  for  foods  and  other 
consumer  items.  They  can  be  made  into 
semipermeable  membranes— films  that 


allow  small  molecules  in  a  mixture  to 
pass  through  them  while  retaining 
larger  molecules.  These  membranes 
could  serve  a  myriad  of  uses,  such  as 
separating  toxic  substances  from  blood 
in  artificial  kidneys  and  recovering  lye 
used  in  manufacturing  rayon. 

Research  started  more  than  a 
decade  ago  by  Otey  and  colleagues  led 
to  the  only  starch  films  produced 
commercially  thus  far:  water-soluble 
laundry  bags  for  use  in  hospitals.  These 
bags  can  be  sealed  and  placed  directly 
into  the  washing  machine  where  they 
dissolve,  protecting  hospital  staff 
against  the  danger  of  contamination 
from  soiled  linens. 

Until  now,  other  markets  for  starch 
films  have  not  developed,  probably 
because  the  formulations  resulted  in 
films  that  were  too  weak  and  had  too 
many  tears  and  other  flaws.  Industrial 
processes  that  turn  out  hundreds  of  feet 
of  film  per  minute  require  a  uniform, 
continuous  film. 

Last  year,  a  commercial  firm  ran 
one  of  Otey's  new  formulations  through 
a  film-blowing  machine  without  any 
major  problems.  About  45  percent  of 
the  new  formulation  was  ethylene 
acrylic  acid  (EAA)  polymer,  a 
compound  that  imparts  uniform  compo 
sition  and  strength  to  the  film. 

Using  the  recent  technical 
advances,  starch  films  could  probably 
be  produced  and  marketed  at  prices  not 
much  higher  than  prices  for  pure 
plastic  ones,  says  Otey.  And  the  differ- 
ence could  be  offset  by  savings  from 
not  having  to  dispose  of  the  mulch 
after  use. 

In  a  scenario  in  which  costs  of 
petrochemicals  rise  and  price  o\  corn 
remains  depressed  b>  surpluses,  starch- 
plastic  films  may  become  more 
competitive  with  conventional  films. 

As  of  September  1.  19S0.  the 
nation  had  a  >urplus  of  about  2.5 
billion  bushels  of  corn.  The  oversupply 
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is  expected  to  grow  to  3.5  billion 
bushels  by  the  fall  of  1987.    . 

From  Soybeans  to  Plastics 

Scientists  foresee  potential  new 
uses  for  soybeans  and  other  vegetable 
oil  crops  as  changing  economics  lead  to 
adoption  and  refinements  of  research 
developments  at  the  Northern  Research 
Center. 

Vegetable  oils  are  candidates  for 
alternative  fuels  for  diesel  engines,  but 
they  are  too  viscous,  or  syrupy,  for 
direct  use,  says  chemist  Arthur  W. 
Schwab.  Having  conducted  research  to 
overcome  this  problem,  Schwab 
patented  a  method  to  use  microemul- 
sions  of  water  and  alcohol  dispersed  in  . 
vegetable  oils  as  diesel  fuel.  And  using 
another  approach,  chemist  Bernard 
Freedman  has  chemically  modified 
soybean  oil  to  a  fuel  and  a  byproduct, 
glycerol. 

Glycerol  is  also  a  common 
byproduct  of  both  animal  and  vegetable 
fat  processing.  Someday,  bacteria  may 
play  a  role  in  converting  abundant 
supplies  of  glycerol  to  acrylic  plastics. 

Chemical  engineer  Patricia  J. 
Slininger  of  the  Northern  Research 
Center  has  cited  the  bacterium  Kleb- 
siella pneumoniae  as  a  candidate  for 
that  role.  In  fermentations,  it  feeds  on 
glycerol. 

K.  pneumoniae  produces 
3-hydroxypropionaldehyde  (3-HPA)  that 
converts  to  acrolein.  Acrolein  can  be 
used  to  make  synthetic  polymers, 
building  blocks  of  such  diverse 
products  as  clothing,  acrylic  plastics, 
pharmaceuticals,  and  paints. 

Acrylic  acid  derived  from  acrolein 
and  used  in  some  of  the  products  is 
worth  about  60  cents  per  pound. 
Billions  of  pounds  are  produced  each 
year,  and  each  pound  is  made  from 
about  3  pounds  of  petroleum. 

Slininger  and  microbiologist 
Rodney  J.  Bothast  found  that  in  batches 
of  fermentation  broth  K.  pneumoniae 
can  convert  up  to  84  percent  of 
glycerol  into  3-HPA,  the  parent 
compound  of  acrolein  and  acrylic  acid. 
They  and  James  E.  Van  Cauwenberge 
have  patented  the  process. 


Could  the  research  quickly  lead  to 
added  value  for  surplus  farm  commodi- 
ties? "That's  not  likely  soon  because 
the  economics  of  replacing  petroleum- 
derived  acrylic  acid  are  not  yet 
favorable,"  says  Bothast.  "But  when 
the  time  is  right,  what  we  have  learned 
will  be  ready  and  waiting  for  commer- 
cial use,  with  some  technical  refine- 
ments." 

Looking  into  their  crystal  ball,  the 
scientists  foresee  starchy  farm  products 
such  as  grain  or  cellulosic  products 
such  as  cornstalks  also  serving  as  raw 
material  for  acrylic  plastics.  There  are 
micro-organisms  that  produce  glycerol 
during  the  fermentation  of  these 
materials  to  alcohol,  Bothast  says. 

Bothast's  research  group  is 
conducting  basic  research  on  the 
microbiology,  physiology,  and  genetics 
of  micro-organisms  involved  in  fermen- 
tation. What  they  learn  may  someday 
have  application  in  enzyme  technology 
and  biochemical  engineering  aimed  at 
increasing  the  efficiency  of  meat  and 
milk  production  and  converting  agricul- 
tural commodities  into  new  and 
improved  products. 


For  Additional  Information: 
To  discuss  this  effort  further,  contact: 
Dr.  Andrew  Cowen 
Technology  Transfer  Office 
USDA-ARS  Northern  Regional  Research 
Center 

1815  N.  University  Street 
Peoria,  IL  61604:  (309)  685-4011 

For  inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should  be 
addressed  to 

Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal 
Technology 
Room  13R,  NTIS 
Springfield,  V A  22161;  (703)  487-4738 

Refer  to  Patents  4,454 ,268/TN, 
4,337,1 8 1/TN,  and  Patent  Application  6- 
894,140/TN 
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Electrodeposif  ion  of  Niobium 

The  effects  of  temperature,  current  density, 
and  additives  were  investigated. 


In  a  study  performed  by  the  U.S.  Army  Arma- 
ment Research  and  Development  Center,  a  com- 
parative investigation  was  made  of  the  effects  of 
temperature,  current  density,  and  additives  on  the 
electrodeposition  of  niobium  from  the  fused  salts 
KF/NaF  and  LiF/NaF/KF  (FLINAK).  The  deposition 
experiments  (see  figure)  were  conducted  at  cur- 
rent densities  between  5  and  35  mA/cm2  and  at 
electrolyte  temperatures  between  725  and  800  °C. 
Maxima  were  found  in  the  plots  of  current  efficien- 
cy versus  current  density  for  the  KF/NaF  solvent 
system,  whereas  linear  relationships  were  ob- 
tained for  FLINAK. 

Coating  morphology  was  determined  by  optical 
and  scanning-election  microscopy,  and  coating 
structure  and  properties  were  characterized  by 
x-ray-diffraction  analysis.  In  particular,  a  series  of 
diffraction  measurements  were  reported  to  des- 
cribe the  changes  in  the  microstructure  of  the  de- 
posited material  as  a  function  of  the  preparation 
conditions. 

Various  additives  such  as  tantalum  (added  as 
K2TaF7)  and  boron  (added  as  NaBF4)  resulted  in 
improvements  in  surface  finish,  grain  size,  and 
hardness.  Althrough  some  correlation  was  ob- 
served between  the  texture  and  the  other  proper- 
ties studied,  no  attempt  was  made  to  study  the 
growth  mechanisms  during  electrocrystallization. 
Project  officer  Edward  S.  Chen 
(518)  266-5048  or  AV  974-5048. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
On  the  Electrodeposition  and  Characterization 
ot  Niobium  From  Fused  Fluoride  Electrolytes 
Order  number:  ADA  1666WNAA 
Price  code  A02 

Order  horn: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


tf 


This  Electroplating  Cell  was  used  to  investigate  the 
electrodeposition  of  niobium  from  the  fused-salt  sys- 
tems KF/NaF  and  LiF/NaF/KF. 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  of  the  United  States  Government  assumes  any  liability  resulting  Irom  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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HoMsostatic-Pressed  Steel  Powder 

Good  mechanical  properties  were  obtained 
using  low-alloy  steel  powder. 


■ 


An  investigation  by  the  U.S.  Army  Armament 
Research  and  Development  Center  has  demon- 
strated that  good  mechanical  properties  (see  table) 
can  be  developed  in  hot-isostatically-pressed  ("hip- 
ped") low-alloy  steel  powder  (4335  +  V).  Specifi- 
cally, yield-strength  levels  up  to  about  180  kpsi 
(1,240  MPa)  were  accompanied  by  acceptable 
levels  of  low-temperature  Charpy  impact  tough- 
ness —  for  example,  18-20  ft  lb  (24.4-27.1  J)  at 
-40  °F  (-40  °C).  In  addition,  the  ductility,  as 
measured  by  the  percent  reduction  in  area  in  the 
tensile  test,  was  uniformly  high  (55-61  percent)  — 
indicative  of  a  relatively  clean,  isotropic  material. 

Microstructural  examinations  of  the  mechani- 
cal-test specimens,  although  revealing  occasional 
small  globular  oxide  inclusions,  indicate  that  this 
material  is  basically  clean  or  inclusion-free:  this  in- 
dicates that  the  liquid  steel  was  not  contaminated 
by  low-melting  phases  or  tramp  elements  and  that 
subsequent  powder  production  and  handling  was 
performed  so  as  to  preclude  significant  oxidation  of 
the  powder  particles. 

Furthermore,  no  microporosity  was  observed: 
this  indicates  that  the  consolidation  of  the  powder 
particles  was  essentially  complete  and  that  ther- 
mal-induced porosity  was  not  produced  during 


Ultimate 

Charpy 

Tempering 

Yield 

Tensile 

Percent 

Impact 

Hardness, 

Temperature, 

Strength, 

Strength, 

Reduction 

Values,  ft-lb, 

Rockwell 

"F 

103  psi 

103  psi 

in  Area 

at  -40°F 

"C"  Scale 

1,000 

177-179 

192 

57 

18-20 

42 

1,050 

169 

184 

55-58 

24-26 

41 

1,100 

162 

175 

58 

24 

39 

1,150 

151-152 

162 

60 

29<i0 

36 

1,200 

147 

156-157 

61 

34-35 

34 

Hot-lsostaticai!y°Press@d  low-alloy  steel  (4335 +  V) 
displayed  good  mechanical  properties,  which  varied 
systematically  with  tempering  temperature. 


"hipping".  The  "as-hipped"  density  of  the  steel  was 
0.283  lb/in3  (7.83  x  103  kg/m3),  which  is  essentially 
100  percent  of  the  theoretical  density  for  this  alloy. 
Project  officer  Peter  Thornton 
(518)  266-5319  or  AV  974-5319. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reporl(s): 
Mechanical  Property  Development  in  Hot  Isostatic  Pressed  (HIP) 
Low  Alloy  Steel  Powder 
Order  number  ADA  166666/NAA 
Price  code:  A02 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Stress  Effects  in  4340  Steel 

The  effect  of  stress  on  Young's  modulus  and  Poisson's 
ratio  was  determined  through  experiment  and  analysis. 


The  U.S.  Army  Armament  Research  and  De- 
velopment Center  performed  experiments  and  an- 
alysis to  determine  Young's  modulus  and 
Poisson's  ratio  for  4340  steel,  not  only  in  the  stress 
range  of  the  measurements,  but  at  stresses  near 
the  yield  point  [about  1 50  kpsi  (1 ,030  MPa)].  For  this 
point,  it  is  predicted  that  the  tensile  stresses  would 
reduce  Young's  modulus  by  about  2.5  percent  and 
Poisson's  ratio  by  about  5  percent. 

The  second-  and  third-order  elastic  constants  of 
4340  steel  were  obtained  from  exact  measure- 
ments of  longitudinal  and  transverse  sound  veloci- 
ties (vL  and  vT  respectively)  under  zero  and  finite 
stress.  Absolute  velocities  were  measured  by  the 
pulse-echo  overlap  technique  at  two  frequencies, 
with  accuracies  approaching  1  part  in  104.  The 
Lame  constants  A  and  n  were  determined  from  the 


absolute  velocities  vL  =  5,871  m/s  and  vT  = 
3,192  m/s,  using  a  density  o  =  7.84  x  103  kg/m3. 
Relative  velocity  changes  were  measured  to  better 
than  1  in  104  by  observing  the  change  in  the  return 
time  of  an  echo,  typically  the  fifth,  with  applied 
stress.  The  third-order  elastic  constants  derived 
from  these  measurements  were  then  used  to  pro- 
vide values  for  Young's  modulus  and  Poisson's 
ratio. 

FOR  ADDITIONAL  INFORMATION 

you  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 
Young's  Modulus  and  Poisson's  Ratio  ol  Steel 
as  Stress  Dependent  Quantities 
Order  number.  ADA  166415>NAA 
Price  code:  A02 

Order  Irom: 

National  Technical  Inlormation  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Densification  of  Sinterable  RBSN 

The  effect  of  oxidation  on  sintering 
behavior  was  investigated. 


The  effect  of  oxidation  on  the  densification  of 
sinterable  reaction-bonded  silicon  nitride  (RBSN) 
was  studied  by  the  U.S.  Army  Materials  Technolo- 
gy Laboratory.  Reaction-bonded  Si3N4  bars  con- 
taining 6  percent  Y203  and  1  percent  Fe203  were 
sintered  to  high  density  using  a  two-step  pres- 
sure/temperature cycle  (see  figure)  that  featured 
high  N2  pressures  (up  to  8.0  MPa)  and  tempera- 
tures of  1,875  °C  to  2,000  °C. 

Bars  that  were  oxidized  in  air  (at  1 ,000  °C)  before 
sintering  had  increased  oxygen  content  (Si02)  and 
higher  sintered  densities  than  those  that  were  not 
preheattreated.  The  development  of  compositions 
richer  in  silica  (Si02)  resulted  in  the  formation  of  yt- 
trium/silicate phases,  which  appear  to  promote 
densification  under  the  sintering  conditions  used  in 
this  study. 

Stress-rupture  tests  on  sintered  bars  (with  and 
without  preoxidation)  show  no  degradation  under 
stress  (300  MPa)  at  intermediate  temperatures 
(700  °C  to  1 ,000  °C)  for  times  of  750  to  1 ,000  h.  The 
bars  exhibited  good  oxidation  resistance  at  tem- 
peratures up  to  1,200  °C,  and  low  residual  perman- 
ent strain  was  noted  after  1,000  h  at  1,200  °C.  Re- 
tained room-temperature  modulus-of-rupture 
(MOR)  values  after  exposure  at  700  °C,  1,000  °C, 
and  1,200  °C  were  similar  to  as-sintered-material 
values.  Strength-limiting  defects  were  usually  re- 
sidual pores  and  pore  clusters. 
Project  officer  George  E.  Gazza 
(617)  923-3000  or  AV  955-3000. 
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Two-Step  Temp©rature/Pressure  Cycles  were  used 
for  sintering  silicon  nitride.  In  the  first  step,  the  pressure 
of  nitrogen  (added  to  suppress  the  decomposition  of  the 
nitride)  was  relatively  low  (2.0  MPa);  the  pressure  was 
raised  to  5.5  MPa  in  the  second  step.  Two  temperature 
levels  were  generally  used  for  the  sintering  process,  the 
change  in  temperature  level  corresponding  to  the 
change  in  pressure. 
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Causes  of  Delamination  in  Kevlar®/Epoxy  Laminates 

Undercuring  coupled  with  microcracking  and 
subsequent  moisture  invasion  led  to  delamination. 


The  U.S.  Army  Materials  Technology  Laboratory 
carried  out  a  series  of  chemical,  mechanical,  and 
physical  tests  on  Kevlar®/epoxy  laminates  to  deter- 
mine the  cause  of  failure  in  a  structure  that  had 
undergone  extensive  delamination  during  a  simu- 
lated-solar-load test.  The  results  of  these  tests  in- 
dicated that  improper  fabrication  procedures 
caused  microcracking  at  the  fiber/matrix  interface; 
this  cracking  made  the  material  particularly  sus- 
ceptible to  invasion  by  environmental  moisture  and 
to  subsequent  delamination  at  elevated  tempera- 
tures. The  material  was  also  found  to  have  been 
undercured  by  approximately  30  percent  (see 
figure). 

These  studies  resulted  in  the  following  recom- 
mendations: 

•The  Kevlar  (or  equivalent)  fabric  should  be 
thoroughly  dried  at  a  temperature  above  100°C 
before  impregnation  with  the  epoxy  resin. 
•Careful  quality  control  should  be  imposed  to  avoid 

batch-to-batch  variation  in  the  resin. 
•The  resin  should  not  be  diluted  with  such  organic 

solvents  as  acetone  during  impregnation. 
•The  panels  should  be  cured  according  to  the  rec- 
ommended cure  cycle,  with  particular  attention 
to  the  postcure  at  200  °C. 
•The  design  properties  of  the  Kevlar  (or 
equivalent)/epoxy  should  be  determined  at  a 
moisture  content  and  temperature  appropriate  to 
the  expected  environmental  exposure  of  the 
structure. 

Acting  on  these  recommendations,  the  fabricator 
was  able  to  eliminate  the  microcracking  and  to 
significantly  increase  the  degree  of  cure  in  the  la- 
minates. 
Project  officer  Margaret  E.  Roylance 
(617)  923-3514  or  AV  955-3514. 
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The  Differential  Scanning  Calorlmetry  measurement 
of  a  composite  specimen  from  the  failed  structure  re- 
veals a  curing  exotherm  of  38.7  J/g.  Because  only  half  of 
the  material  in  this  specimen  was  resin,  this  figure  corre- 
sponds to  a  residual  curing  exotherm  of  almost  80  J/g  for 
the  resin.  These  data  indicate  that  the  resin  was  only  70 
percent  cured. 


FOR  ADDITIONAL  INFORMATION 
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Properties  of  Alumina-Fiber/Magnesium  Composites 

The  mechanical  properties  depend  on  fiber  content  and  fiber  orientation. 


The  U.S.  Army  Materials  Technology  Laboratory 
determined  the  tensile  and  fatigue  properties  of  as- 
cast  polycrystalline  alumina-fiber-reinforced  mag- 
nesium (ZE41A)  composites  as  a  function  of  fiber 
orientation  and  fiber  content.  Fiber-dominant  prop- 
erties were  studied  on  four  fiber-volume  fractions 
of  35,  40,  45,  and  55  percent  at  24  °C  and  200  °C 
testing  temperatures.  Off-axis,  matrix-dominant 
properties  were  investigated  at  a  constant  fiber- 
volume  fraction  (55  percent)  at  24  °C  (see  figure). 
An  attempt  was  also  made  to  identify  the  effects  of 
the  fiber/matrix  interface,  matrix  chemistry,  and 
residual  stresses  on  the  resultant  mechanical  be- 
havior of  these  composites. 

The  off-axis  mechanical  properties  decreased 
with  increasing  fiber-orientation  angle  to  minimum 
values  that  always  exceeded  the  bulk  matrix  prop- 
erties. For  example,  the  tangent  modulus,  the  ulti- 
mate tensile  strength,  and  the  fatigue-endurance 
limit  were  40  percent  higher  than  the  correspond- 
ing values  for  unreinforced  matrix  for  the  55  per- 
cent composite. 

Progressive  random  fiber  fracture  was  the 
dominant  damage  mechanism  controlling  the  fa- 
tigue and  static-tensile  strengths  of  the  com- 
posites. The  final  fracture  event  occurred  when  a 
sufficient  number  of  broken  filaments  accumu- 
lated at  a  particular  composite  cross  section.  Ex- 
cept for  the  ±  45  °  and  the  90  °  fiber  orientations, 
this  failure  mode  appeared  under  all  test  conditions 
studied. 
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The  Mechanical  Properties  of  alumina-fiber-reinforced 
magnesium  (ZE41A)  composites  depend  on  the  fiber 
orientation  with  respect  to  the  axis.  (Note:  oUTS  =  ulti- 
mate tensile  strength,  oEL  =  endurance  limit,  E  =  tan- 
gent modulus,  and  ^  =  tensile  fracture  strain;  AoUTSand 
AE  =  changes  in  the  virgin-composite  oUTS  and  E 
observed  on  fatigue-runout  specimens. 


FOR  ADDITIONAL  INFORMATION: 
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Technology  Application 


Crack  Damage  to  Brittle  Materials:    Study 
achieves  the  best  understanding  of  this  process 
to  date. 

Sandia  National  Laboratories  researchers  have  taken 
a  significant  step  toward  achieving  the  best  understand- 
ing yet  available  of  the  complex  processes  that  govern 
stress-induced  crack  damage  in  brittle  materials. 

Basically,  the  researchers  have  produced  "pictures"  of 
a  test  sample's  damage  state  as  the  sample  is  being 
stressed.  They  accomplished  this  by  analyzing  the  inten- 
sity and  frequency  of  weak  sounds  that  are  emitted  as 
microcracking  occurs  in  brittle  material  specimens. 

If  allowed  to  continue,  crack  damage — produced 
in  the  laboratory  by  squeezing  samples  with  test 
equipment — ultimately  causes  brittle  materials  such  as 
glass,  ceramics,  concrete,  and  various  types  of  rock  to 
break  or  shatter. 

Stresses  that  produce  cracks  come  from  a  variety  of 
sources.  Real  world  examples  are  the  loads  placed  on 
deeply  buried  rock  by  overburden,  or  stresses  experi- 
enced by  a  piece  of  glass  when  another  material  expands 
against  it. 

"Our  research  is  providing  the  tools  necessary  to 
improve  what  have  been  incomplete  computer  models 
that  show  the  way  cracks  grow  in  these  materials,"  says 
David  Holcomb,  of  Sandia's  Geomechanics  Division. 
"Correct  models  are  essential  because  brittle  materials 
are  being  called  upon  to  perform  reliably  under  increas- 
ingly severe  service  conditions." 

Understanding  useful  to  many 

A  clear  understanding  of  brittle  material  behavior  is  of 
interest  to  a  variety  of  engineers  and  scientists,  including 
ceramists,  mechanical  and  civil  engineers,  and  geologists. 

Ceramists  are  interested  because  one  of  their  primary 
goals  is  to  accurately  predict  material  lifetimes  in  many 
different  applications,  including  use  in  nuclear  weapon 
components,  batteries,  and  heat-resistant  tiles. 

Mechanical  and  civil  engineers  are  interested  because 
they  need  a  clear  picture  of  how  granite,  tuff,  and  other 
rock  types  are  likely  to  perform  over  thousands  of  years  if 
they  are  called  on  to  serve  as  hosts  for  radioactive  wastes. 
They  also  need  to  know  whether  deep  mines  will  remain 
stable  during  many  years  of  operation.  The  Sandia  work 
can  also  help  them  to  better  understand  the  kinds  of 
abuse  that  different  classes  of  concrete  can  withstand. 

Geologists  are  interested  because  a  clear  picture  of 
how  the  earth's  brittle  materials  behave  when  subjected 
to  underground  stresses  can  tell  them  something  about 
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the  deformation  mechanisms  that  work  on  the  earth's 
crust.  This  seismic  activity  often  leads  to  more  serious 
activity -damaging  earthquakes  and  violent  volcanic 
eruptions. 

The  detailed  picture  that  Labs  researchers  have  pro- 
duced is  of  a  damage  surface  that  was  believed  to  exist  for 
brittle  materials,  but  which  had  not  been  positively 
identified  in  controlled  experiments  prior  to  the  Sandia 
work. 

A  damage  surface  is  basically  the  boundary  formed  in 
what  is  technically  called  stress  space  by  the  total  of  data 
points  representing  the  stresses  required  for  cracks  to 
appear  and  grow  at  any  location  within  a  piece  of  brittle 
material. 

"If  the  stress  that  a  brittle  rock  experiences  at  a 
particular  point  is  not  sufficient  to  make  cracks  grow, 
then  that  point  has  not  reached  the  damage  surface," 
explains  Larry  Costin,  Holcomb's  colleague  and  a  mem- 
ber of  the  Labs'  Geotechnical  Design  Division.  "However, 
if  an  existing  stress  makes  cracks  grow  at  that  point,  this 
means  the  point  is  touching  the  damage  surface  and 
actually  moving  the  surface  outward  in  stress  space  so 
that  even  greater  stresses  will  be  required  to  reach  it 
again." 

Acoustic  emissions  used 

The  Sandia  researchers  use  acoustic  emissions  (bursts 
of  high-frequency  sound  emitted  under  stress)  to  detect 
damage  surfaces  and  to  establish  how  they  change  as 
stresses  increase. 

Laboratory  tests  involve  instrumenting  a  brittle  mate- 
rial specimen  with  transducers,  essentially  supersensi- 
tive high-frequency  microphones,  and  then  placing  the 
sample  in  a  device  that  squeezes  it.  As  stresses  increase, 
minute  cracks — at  first  no  longer  than  a  few  microns  and 
no  wider  than  a  few  atoms — begin  appearing.  "If  the 
crack  is  large  enough,"  Holcomb  explains,  "it  produces  a 
sound  that  generally  has  a  frequency  between  0.1  to  1 
MHz.  Instrumentation  detects  those  acoustic  emissions, 
or  nanoearthquakes." 

The  procedure  then  calls  for  stresses,  which  created 
the  initial  cracking,  to  be  released.  When  they  are  reap- 
plied, additional  sounds  occur  only  if  stresses  increase 
sufficiently  past  the  initial  level  (the  original  damage 
surface)  so  that  they  generate  new  cracks  or  enlarge 
existing  ones. 

Besides  providing  first-time  experimental  proof  for 
existence  of  damage  surfaces,  Costin  says  the  work  is 
adding  much-needed  detail  about  other  material  behav- 
ior traits,  including  the  tendency  of  cracks  to  grow  even  if 
stress   is   held   at   a   constant    level,    instead    of   being 
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Review  of  Sulfur  Construction  Materials 


The  Bureau  of  Mines  has  prepared  a  report  summarizing  both 
government  and  industrial  research  on  sulfur  construction  materials 
through  1984.  Included  in  this  overview  are  chapters  on  (1)  sulfur 
concrete  (SC),  (2)  sulfur  spray  coatings,  and  (3)  sulfur  extended 
asphalt  (SEA).  The  first  two  chapters  deal  with  corrosion  applica- 
tions. The  Bureau  has  published  many  reports  and  articles  on  work 
they  have  done  in  this  area  since  1972,  but  this  report  is  one  of  the 
more  comprehensive  and  includes  92  references.  The  report  is  avail- 
able directly  from  the  Bureau  of  Mines. 


Sulfur  Concrete 

Sulfur  concrete  is  produced  by  hot  blending  a  modified  sulfur 
binder  and  properly  graded  aggregate  at  127  to  149  C  (260  to 
300  F).  The  mixture  is  then  cast,  consolidated  by  vibration,  and 
finished  like  normal  Portland  cement  concrete.  Since  it  hardens  by 
solidification  of  the  molten  binder,  it  gains  strength  as  soon  as  the 
material  cools,  which  may  range  from  a  few  hours  for  small  test 
cylinders,  to  tens  of  hours  for  large  slabs.  A  rapid  gain  in  strength, 
plus  its  resistance  to  corrosive  chemicals  such  as  inorganic  acids  and 
salts,  are  the  two  most  advantageous  properties  of  the  material. 

Because  ordinary  sulfur  goes  through  crystalline  inversion 
which  has  a  6  volume  percent  phase  change  on  cooling,  sulfur  con- 
cretes made  from  ordinary  sulfur  will  be  highly  stressed  and  de- 
teriorate as  thermal  exposure  causes  the  phase  change  to  become 
complete.  To  avoid  this  phase  change,  the  sulfur  is  reacted  with 
about  5  weight  percent  of  dicyclopentadiene  (DCPD),  which  plasti- 
cizes  the  sulfur,  prevents  the  phase  inversion,  and  improves  dura- 
bility to  thermal  cycling.  The  specific  method  of  plasticizing  the 
sulfur  with  a  50:50  blend  dicyclopentadiene  and  oligomers  of 
cyclopentadiene  was  developed  by  the  Bureau  to  provide  a  con- 
trollable method  of  producing  the  binder  in  large  quantities  with- 
out a  large  exotherm  which  can  polymerize  the  binder  and  make 
it  too  viscous  for  subsequent  use.  The  modified  binder  is  produced 
commercially  by  a  Texas  chemical  company. 

Properties  of  the  sulfur  concrete  mixes  depend  on  the  size, 
quality  and  grading  of  the  aggregate,  and  the  binder  chemistry  and 
quantity.  An  aggregate  size  distribution  given  by  the  common 
Fuller  equation  is  used  to  obtain  maximum  aggregate  packing  and 
minimum  binder  requirements.  For  3/8-inch  and  finer  well-graded 
aggregate,  binder  loadings  of  about  16  to  18  weight  percent  result 
in  maximum  strength  and  density.  Compressive  strengths  are 
typically  7,000  to  9,000  psi,  flexural  strengths  (third  point)  are 
1,300  to  1,700  psi,  and  split  tensile  strengths  around  1,000  psi. 
Compressive  (secant)  elastic  moduli  are  in  the  3-5  x  10^  psi  range. 
Due  to  the  high  thermal  expansion  coefficient  of  the  binder  (59  x 
10"6/C),  the  expansion  coefficient  of  the  concrete  is  in  the  range 
of  14-15  x  10"6/C  between  25  and  100  C.  Freeze-thaw  test  results 
show  that  it  meets  durability  criteria  commonly  used  for  air- 
entrained  Portland  cement  concrete. 

Field  testing  work  has  shown  that  the  material:  (1)  can  be 
mixed  and  handled  using  a  variety  of  equipment  normally  used  for 
processing  hot  mix  asphalt,  (2)  must  not  be  placed  directly  on  a 


damp  base  or  steam  vapor  may  form  voids  in  the  material,  (3)  can 
be  placed  over  existing  Portland  cement  concrete  if  a  bitumastic 
barrier  is  used,  (4)  will  burn  on  P.ame  contact  but  will  self- 
extinguish  when  the  flame  is  removed,  (5)  will  resjst  years  of  ambi- 
ent temperature  exposure  to  many  inorganic  acids  (including 
96  percent  sulfuric)  and  salts  which  severely  attack  normal  con- 
crete, and  (6)  except  for  joints,  has  a  low  water  permeability. 

Technical  limitations  of  the  material  are:  (1)  the  material  is 
thermoplastic  and  will  creep,  and  (2)  a  high  (>0.1  percent)  shrink- 
age on  cooling  from  the  placement  temperature  will  limit  its  ability 
to  bond  to  an  adjacent  previously-placed  slab  the  latter  feature 
means  that  expansion  joints  must  be  used  in  slabs  or  floors,  and 
that  the  joints  will  have  to  be  post-sealed  to  prevent  loss  of  any  cor- 
rosive fluid.  In  addition,  it  means  that  bond  breakers  are  required 
between  the  sulfur  concrete  and  substrate  to  prevent  restraint  of 
the  shrinkage.  These  topics  are  not  addressed  to  any  extent  in  the 
Bureau  report,  nor  in  many  other  articles  on  this  type  of  material, 
and  may  require  additional  research  before  the  full  potential  of  the 
material  can  be  utilized  in  large  structures. 


Sulfur  Spray  Coatings 

The  modified  sulfur  binder  used  for  sulfur  concrete  can  also  be 
used  for  sprayable  coatings,  which  are  mostly  sulfur  (75-95  per- 
cent), with  some  filler  aggregate  (5-15  percent)  and  reinforcing 
fibers  (0-10  percent).  Commercial-scale  spraying  equipment  is  avail- 
able for  mixing  up  to  9,000-pound  batches  in  portable  trailer- 
mounted  units.  The  preblended  mixture  is  pressure  fed  from  the 
units  through  heated  hoses  and  blown  onto  dry,  precleaned  vertical 
or  horizontal  substrates. 

Due  to  the  high  sulfur  content,  the  thermal  expansion  co- 
efficient (35  x  10*^ /C)  is  higher  than  that  for  sulfur  concrete,  while 
the  elastic  modulus  (2-6  x  10^  psi)  and  compressive  strength  (4,000 
psi)  are  lower.  The  material  can  be  applied  to  vertical  and  overhead 
surfaces,  and  has  been  tested  as  mine  support  coatings,  for  pond  and 
basin  linings,  and  as  protective  coatings  for  concrete  and  masonry 
structures.  Tests  have  shown  that  the  material  is  rapidly  attacked 
by  strong  bases  (pH  >  12),  but  resists  many  inorganic  acids  and  salts. 


The  major  limitation  is  that  of  retaining  coating  continuity  so 
that  the  corrosive  species  is  not  lost  or  does  not  reach  any  substrate 
structure.  For  this  reason,  chopped  fiberglass  reinforcement  is  com- 
monly added  to  the  mix,  and  the  coating  is  built  up  from  succes- 
sively applied  thin  layers  (about  1/16  inch)  to  a  total  thickness  of 
about  1/4  inch.  Sulfur  coatings  have  not  received  as  much  atten- 
tion as  other  sulfur  uses,  perhaps  due  in  part  to  the  commercial 
availability  of  other  materials,  and  the  lesser  volume  of  sulfur  which 
might  be  used. 


Sulfur  Extended  Asphalt  (SEA) 

The   use  of  sulfur  additions   to  hot-mixed  asphalt  has  been 
relatively  successful  as  a  new  application  for  this  excess-capacit) 
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material.  In  contrast  to  sulfur  concrete,  only  ordinary  sulfur  is 
used,  and  only  at  levels  up  to  25  volume  percent  (40  weight  per- 
cent) in  the  binder.  The  sulfur  is  added  in  the  conventional  asphalt 
mixing  plant,  and  most  goes  into  solution  at  the  121-149  C  mixing 
temperature  (minimum  sulfur  viscosity)  range.  Marshall  stability 
(a  hot-mix  workability  test)  testing  showed  that  the  stability  went 
up  (workability  down)  when  sulfur  was  added  beyond  the  25  vol- 
ume percent  level  corresponding  to  the  sulfur  solubility  limit  at  the 
test  temperature.  On  cooling,  some  of  the  sulfur  phase  separates  as 
immiscible  droplets,  and  crystallizes  into  needle  shaped  crystals 
which  grow  into  void  spaces  to  strengthen  and  stiffen  the  asphalt. 
Thus,  the  sulfur  not  only  replaces  some  of  the  asphalt,  but  provides 
a  unique  dual  reinforcing  function. 


Testing  showed  that  the  fatigue  characteristics  of  the  SEA 
binders  were  better  than  those  of  the  regular  asphalt  mix,  and  that 
the  viscosity  of  the  SEA  binders  was  less  than  that  of  asphalt  alone. 
Field  testing  since  1975  has  shown  excellent  performance  of  the 
modified  asphalt. 

This  article  was  prepared  by  C.W.  tCistler  of  the  Metals  and 
Ceramic  Information  Center,  Colubus,  Ohio. 


FOR  ADDITIONAL  INFORMATION 

A  copy  of  the  technical  report,  Sulfur  Construction 
Materials,  is  available  from  NTIS.    Reference  order  number, 
PB87-155702/NAC,  price  code  A03. 

Other  information  is  available  from  W.C.  McBee,  Albany 
Research  Center,  Bureau  of  Mines,  Albany,  OR.97321;  (503) 
967-5896. 
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low- Resistivity  Zinc  Selenide  for  Heterojunctions 

Magnetron  reactive  sputtering  would  enable 
doping  of  this  semiconductor. 


A  proposed  method  of  reactive  sputter- 
ing combined  with  doping  shows  potential 
for  yielding  low-resistivity  zinc  selenide 
films.  Zinc  selenide  is  an  attractive  material 
for  forming  heterojunctions  with  such 
other  semiconductor  compounds  as  zinc 
phosphide,  cadmium  telluride,  and  gallium 
arsenide.  Such  semiconductor  junctions 
are  promising  for  future  optoelectronic  de- 
vices, including  solar  cells  and  electrolumi- 
nescent displays.  However,  the  resistivities 
of  zinc  selenide  layers  deposited  by  evapora- 
tion or  chemical  vapor  deposition  have  been 
too  high  to  form  practical  heterojunctions. 

In  the  proposed  technique,  an  indium-  or 
gallium-doped  zinc  target  would  be  sput- 
tered in  an  atmosphere  of  hydrogen  sele- 
nide and  argon.  Separate  indium  and  zinc 
targets  could  also  be  sputtered  simultane- 
ously. The  sputtered  zinc  would  react  with 
the  hydrogen  selenide  to  form  zinc  sele- 
nide, which  would  deposit  as  a  film  on  a 
substrate  of  gallium  arsenide  or  other 
semiconductor  compound. 

The  rate  of  selenium  incorporation  in  the 
zinc  selenide  layer  would  be  closely  ad- 
justed by  control  of  gas  flow,  sputtering 
power,  and  substrate  temperature.  This 


control  would  help  to  assure  stoichiometric 
deposition  and  minimize  zinc  vacancies, 
which  would  otherwise  neutralize  the  do- 
pant and  prevent  it  from  reducing  the 
resistivity. 

Magnetron  sputtering  would  be  used. 
This  sputtering  technique  would  promote 
stoichiometric  deposition  of  zinc  and  se- 
lenium. Because  it  confines  secondary 
electrons  to  a  region  close  to  the  cathode, 
magnetron  sputtering  would  also  prevent 
unintentional  substrate  heating.  Thus, 
lower  substrate  temperatures  would  be 
possible,  and  radiant  heat  could  be  used  to 
control  substrate  temperature  indepen- 
dently as  a  process  variable. 

Sputtering  proceeds  at  relatively  high 
rates  in  magnetron  systems  because  of 
the  absence  of  heating  by  secondary  elec- 
trons and  because  the  long  spiral  paths  of 
the  discharge  electrons  cause  ionization  of 
argon  at  a  much  higher  rate.  The  argon 
ions  in  turn  sputter  more  zinc.  Yet  another 
advantage  of  magnetron  sputtering  is  that 
the  confinement  of  electrons  by  the  mag- 
netic field  substantially  reduces  damage  to 
the  substrate  and  thus  improves  the  elec- 
trical properties  of  the  film. 


Studies  of  deposition  of  other  materials 
by  reactive  sputtering  have  already  been 
made.  These  studies  indicate  that  the  key 
parameters  affecting  the  composition, 
crystalline  structure,  and  conductivity  of 
zinc  selenide  will  be: 

•  Discharge  voltage. 

•  Discharge  current, 

•  Substrate  temperature, 

•  Partial  pressure  of  hydrogen  selenide, 

•  Total  sputtering  gas  pressure,  and 

•  Substrate  bias  voltage. 

This  work  was  done  by  Richard  J.  Stirn 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL.  Refer  to  NPO-16475/TN 

Jet  Propulsion  Laboratory 

Technology  Utilization  Manager- 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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PoSy@fh@r/Polyester  Graft  Copolymers 

Higher  solvent  resistance  is  achieved  along 
with  lower  melting  temperature. 


Licensing 
Opportunity 


Aromatic  polyethers,  also  known  as 
polyphenylene  oxides,  are  a  class  of 
polymeric  materials  that  have  been  used 
in  a  wide  variety  of  applications.  How- 
ever, they  have  certain  deficiencies,  in- 
cluding solubility  in  the  common  halocar- 
bon  and  aromatic  hydrocarbon  types  of 
paint  thinners  and  removers.  This  sensiti- 
vity to  solvents  limits  their  use  in  struc- 
tural articles  that  must  be  painted  and  re- 
painted. They  also  have  relatively  high 
melting  points,  making  them  difficult  to 
fabricate  into  finished  parts.  A  new  tech- 
nique provides  a  method  of  preparing  co- 
polymers with  polypivalolactone  segments 
grafted  onto  a  poly  (2,6-dimethyl-phenylene 
oxide)  backbone.  This  process  makes 
strong  materials  with  improved  solvent 
resistance  and  crystalline,  thermally- 
reversible  crosslinks.  These  resulting 
graft  copolymers  are  easier  to  fabricate 
into  useful  articles,  including  thin  films, 
sheets,  fibers,  foams,  laminates,  and 
moldings. 

The  preparative  process  uses  a  modi- 
fied form  of  the  polyphenylene  oxide  — 
one  that  has  various  quantities  of  organic 
carboxylic  acid  groups  substituted  upon 
the  base  polyether  (readily  achieved  by 
metallation  of  the  polyether,  followed  by 
treatment  with  carbon  dioxide).  Some  of 
the  carboxylic  acid  groups  are  converted 


to  tetrabutylammonium  carboxylate  salts 
or  similar  quaternary  ammonium  salts. 
The  resulting  carboxylate-salt-modified 
polyethers,  dissolved  in  suitable  solvents, 
are  then  reacted  with  varying  amounts  of 
pivalolactone,  the  graft  polymerization  of 
which  is  initiated  by  the  carboxylate 
anions  and  proceeds  rapidly  to  comple- 
tion. Finally,  the  treatment  of  the  grafted 
copolymer  with  a  mineral  acid  converts 
the  terminal  tetrabutylammonium  car- 
boxylate salts  to  free  carboxylic  acid 
groups,  completing  the  graft  operation. 

The  polypivalolactone  graft  segments 
tend  to  crystallize  very  readily,  a 
characteristic  of  polypivalolactone  itself. 
When  the  graft  segments  from  a  number 
of  polyether  molecules  crystallize  to- 
gether, the  crystalline  domains  tie  all  the 
polymer  molecules  into  a  pseudocross- 
linked  material,  which  is  much  more  re- 
sistant than  the  base  polyphenylene 
oxide  to  halogenated  and  aromatic  hydro- 
carbon solvents.  Further,  if  the  polypi- 
valolactone grafts  are  sufficiently  long, 
the  entire  graft  copolymer  melts  as  a  con- 
sequence of  the  polypivalolactone  crys- 
tallites melting,  at  a  temperature  lower 
than  that  associated  with  the  base  poly- 
phenylene oxide. 

The  molecular  weight  of  the  polyether 
starting  material  can  be  varied  to  in- 


fluence the  properties  of  the  graft  co- 
polymer. The  degree  of  carboxylation, 
and  thus  the  number  of  graft  sites  avail- 
able, is  another  factor  influencing  the 
nature  of  the  copolymer.  The  lengths  of 
the  grafted  polypivalolactone  segments, 
determined  by  the  degree  of  carboxyja- 
tion  and  the  amount  of  polypivalolactone 
monomer  that  is  polymerized,  determine 
in  turn  the  final  balance  of  properties  be- 
tween those  of  the  parent  polyphenylene 
oxide  and  those  of  the  highly  crystalline 
polypivalolactone. 

This  work  was  done  by  Vernon  L.  Bell, 
Jr.,  N.  J.  Wakelyn,  Diane  M.  Stoakley,  and 
K.  Mason  Proctor  of  Langiey  Research 
Center.  For  further  information,  Circle  59 
on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.       Refer   to  LAR- 13447.  /TN 
Langiey  Research  Center 
Technology  Utilization  Officer: 
John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel: 
Howard  J.  Osborn 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Iron/Phosphorus  Alloys  for  Continuous  Casting 

Continuous  casting  becomes  practicable 
because  of  reduced  eutectic  temperature. 


An  experimental  ferrous  alloy  has  a 
melting  point  about  350  °C  lower  than 
that  of  conventional  steels,  making  it 
possible  to  cast  structural  members 
and  eliminating  the  need  for  hot  rolling. 
The  product  has  normal  metal  struc- 
ture and  good  physical  properties. 

The  casting  process  results  in  phos- 
phorus steel  —  a  strong  ferrous  alloy, 
rather  than  conventional  iron/carbon- 
based  steel.  The  alloy  has  important 
similarities  to  conventional  steels:  It  in- 
cludes a  very  hard  phase  of  schreiber- 
site  (Fe3P)  similar  to  the  cementite 
(Fe3C)  in  conventional  steel.  Just  as  in- 
timate mixtures  of  soft  iron  and  hard 
cementite  can  be  created  by  the  cool- 
ing of  conventional  steels  from  the 
y-phase  region,  so  can  intimate  mix- 
tures of  soft  iron  and  schreibersite  be 
formed  in  phosphorus  steels  by  the 
cooling  from  the  liquid  state.  Further- 
more, such  elements  as  Mn,  Ni,  and 
Cr,  which  toughen  conventional  steels 
by  forming  finely  divided  hard  carbides 
during  the  cooling  from  the  y  region, 
also  help  to  form  finely  divided  hard 
phosphides  on  rapid  cooling  from  a 
phosphorus-alloy  melt. 

The  strongest  Fe/P  alloys  contain  3 
to  12  percent  phosphorus  by  weight. 
The  solidus  (eutectic)  temperature  is 
1,050°C.  In  contrast,  strong  Fe/C 
alloys   have   a   solidus   temperature 


close  to  1,400°C.  Materials  that  can 
contain  the  melt  and  extrude  it  are 
more  readily  available  at  the  lower 
temperature  than  at  the  higher  one. 

The  process  could  be  used  to  make 
rails,  beams,  slabs,  channels,  and 
pipes.  When  fully  developed,  the  proc- 
ess could  be  used  where  unrecyclabie 
cooling  water  for  hot  rolling  is  not 
available.  The  process  could  be  adopt- 
ed by  the  developing  countries  to  esta- 
blish an  indigenous  product  capability, 
without  the  high  capital  investment  for 
rolling  mills.  More  industrialized  coun- 
tries could  make  use  of  the  readily 
available,  lower  grade  ores  without  the 
beneficiation  to  remove  phosphorus 

In  the  laboratory  version  of  the  proc- 
ess, steel  bar  stock  is  scalped  to  a 
diameter  of  1  in.  (2.5  cm)  and  cut  to 
form  a  cylinder  1  Vt  in.  (3.81  cm)  long. 
A  hole  0.625  in.  (1.59  cm)  in  diameter 
and  1  in.  (2.5  cm)  deep  is  bored  in  one 
end,  leaving  a  cylindrical  cup  with  a 
mass  of  about  1 10  g.  A  charge  of  phos- 
phate is  packed  into  the  hole. 

The  cylinder  is  placed  in  an  Alundum 
(or  equivalent  refractory  alumina) 
crucible.  Because  the  slag  in  the  melt 
is  highly  corrosive  to  the  alumina,  the 
crucible  is  placed  in  another  one  on  a 
layer  of  loosely  packed  alumina  in  a 
larger  crucible.  This  provision  ensures 
that  the  slag  will  not  eat  through  the 


Alundum  and  pour  the  melt  out  of  the 
crucible. 

The  cylinder  and  crucibles  are  placed 
in  the  coil  of  an  induction  furnace,  and 
the  radio-frequency  power  is  gradually 
increased  until  the  cylinder  glows 
bright  orange.  At  this  point  the  reaction 
begins,  and  the  iron,  forming  a  eutectic 
with  the  phosphorus  in  the  charge. 
melts  at  a  lower  temperature. 

In  a  fully  developed  version  of  the 
process,  a  copper  die  would  admit  mol- 
ten iron/phosphorus  eutectic  and  ex- 
trude the  solid  alloy  through  its  orifice. 
The  orifice  would  be  cooled  internally, 
and  recyclable  water  or  a  refrigerant 
could  be  used  as  the  coolant. 

Irregularly  shaped  parts  could  be  made 
by  sand  casting  the  low-melting  eutectic. 
The  melt  temperature  would  be  low 
enough  so  that  the  sand  could  be  selected 
from  a  variety  of  alternatives;  for  example, 
regolith  or  crushed  dunitic  rock. 

This  work  was  done  by  Eugene  R. 
duFresne  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-16611  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O    Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Hall-Effect  Borescope  Locates  Cracks  Precisely 

The  instrument  records  data  automatically 
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A  Borescope  has  two  almost  identical  signal-conditioning  channels  one  for  the  tangential  component  of  magnetic  flux 
and  one  for  the  radial  component.  The  orientation  of  the  Hall-effect  element  determines  which  component  it  is  sensitive 
to.  The  amplified  sensor  signal  is  used  to  frequency-modulate  a  high-frequency  carrier,  which  in  turn  modulates  the  light 
output  of  an  infrared-emitting  diode. 


A  new  and  improved  magnetic-recording  bore- 
scope has  been  designed,  constructed,  and  evalu- 
ated for  the  U.S.  Army  Test  and  Evaluation  Com- 
mand. The  borescope  uses  two  Hall-effect  sensors 
to  detect  the  magnetic-leakage  field  associated 
with  cracks  in  a  magnetized  ferromagnetic 
material.  The  instrument  can  inspect  bores  ranging 
from  90  mm  to  8  in.  (203  mm)  in  diameter. 

With  the  new  borescope,  crack  size  and  location 
can  be  determined  more  accurately.  In  addition, 
the  borescope  is  cost  efficient.  Total  inspection 
time  has  been  reduced  to  less  than  25  min. 

A  longitudinal-drive  assembly  is  attached  by  a 
system  of  clamps  to  the  end  of  the  tube  being  in- 
spected. The  inspection  head,  which  is  normally 
stored  inside  the  cylindrical  structure  of  the 
longitudinal-drive  assembly,  is  then  pushed 
through  the  bore  by  a  lightweight  I-beam.  The  Hall- 
effect  magnetic  detectors  in  the  inspection  head 
are  oriented  to  sense  the  radial  and  tangential 
component  of  magnetic  flux  at  the  surface  of  the 


cannon-tube  bore.  The  detectors  scan  a  helical 
pattern  on  the  bore  surface.  The  inspection  head 
also  contains  a  rotary-drive  system,  an  inertial  ver- 
tical reference,  a  rotary-position  encoder,  and 
sensor-support  electronics. 

The  control  console  houses  the  control  panel, 
an  oscilloscope,  a  strip-chart  recorder,  control 
logic,  signal-conditioning  circuitry  (see  figure),  and 
system  power  supplies.  Push-button  switches  on 
the  control  panel  facilitate  selection  of  oscilloscope 
input  signals  and  actuation  of  longitudinal  and 
rotary  motion  of  the  inspection  head. 

FOR  ADDITIONAL  INFORMATION: 

Vfou  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 
Methodology  Investigation  ot  Automatic  Magnetic  Recording  Borescope 
Order  number:  AD-A166362/NAA 
Price  code:  A03 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Thermal  insulation  in  Tank  Cars 

Ceramic  fibers  keep  tank  contents  at  a  low 
temperature  when  the  car  is  involved  in  a  fire. 

Thermal  tests  have  been  performed  on  three  in- 
sulation systems  for  chlorine  tank  cars.  The  tests 
by  the  U.S.  Army  Ballistic  Research  Laboratory 
were  intended  to  determine  whether  existing  ma- 
terials can  prevent  the  temperature  of  the  shell  of  a 
tank  car  from  exceeding  252  °C  when  the  tank  is 
exposed  to  fire  in  a  railroad  accident.  At  that 
temperature,  a  corrosive  reaction  between  chlo- 
rine vapor  and  steel  would  begin  and  could  cause 
rupture  of  the  tank  and  release  of  its  contents. 

Three  types  of  ceramic-fiber  insulation  — 
Kaowool,  Fiberfrax,  and  Cerawool  —  were  tested. 
The  specimens  were  4  in.  (10.2  cm)  thick  and  were 
mounted  on  a  2-in.-thick  (5. 1  -cm-thick)  backplate  of 
fiberglass. 

The  specimens  were  mounted  in  a  torch-fire  fa- 
cility (see  figure).  The  facility  produces  a  large  hy- 
drocarbon-fuel flame  that  impinges  on  the  front 
surface  of  a  specimen  so  that  its  insulating  proper- 
ties can  be  evaluated  with  the  aid  of  ther- 
mocouples on  the  opposite  side. 

A  total  of  32  tests  were  performed:  2  torch-fire 
calibration  tests,  7  torch-fire  insulation  tests,  13 
pool-fire  calibration  tests,  and  10  pool-fire  insulation 
tests.  The  required  insulating  properties  were 
found  in  all  three  material  systems.  In  fact,  thinner 
layers  of  ceramic  may  be  adequate. 

Equipment  and  test  procedures  were  improved 
in  the  test  program  The  insulation  test  assembly 
was  redesigned  so  that  a  front  flame  shield  was  ad- 
ded. The  shield  prevented  flames  from  wrapping 
around  the  edges  of  specimens.  Heat  could  not 
then  flow  through  the  sides.  It  was  also  found  that 
wind  is  the  dominant  factor  reducing  data  quality  in 
pool-fire  tests.  A  windshield  would  reduce  the  cost 
of  a  test  program  by  allowing  an  efficient  test  crew 
to  perform  at  least  two  acceptable  tests  per  day. 


REAR   rt»ME   SHIELD 
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A  Specimen  Holder  for  testing  the  heat  resistance  of 
insulators  is  supported  by  a  cart.  The  cart  rides  on  rails 
so  that  the  position  of  the  specimen  in  the  flame  can  be 
adjusted.  The  insulation  specimens  were  4  ft  (1.2  m) 
square  and  fit  snugly  inside  the  holder. 

FOR  ADDITIONAL  INFORMATION: 

V(x/  can  learn  more  details  about  this  technology  by  ordenng  the  NTIS  'eooti.s' 
Thermal  Response  Tests  ol  Candidate  Insulation  Systems 
tor  the  Chlorine  Tank  Car 
Older  number  ADA  165293/NAA 
Price  code  A04 

Order  trom 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behall  of  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ol  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  trom  privately  owned  rights. 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

-        Gaithersburg,  MD  20899 


Sound  Waves  Used  to  Detect  Flaws  in  Concrete 

Researchers  have  developed  a  nondestructive  method  to  detect  flaws  in  concrete 
at  the  Commerce  Department's  National  Bureau  of  Standards  (NBS). 

Known  as  "impact-echo,"  the  technique  works  on  the  same  principle  as  the  sonar 
pings  used  to  locate  and  determine  the  depth  of  a  submarine.    An  impact  on  the 
concrete  generates  sound  waves  which  are  reflected  by  flaws  inside  the  concrete. 
A  receiver  mounted  on  the  surface  of  the  concrete  picks  up  the  reflections,  or 
echoes.    The  location  of  a  flaw  is  determined  by  measuring  how  long  it  takes  to 
receive  the  reflected  echo. 

"The  technique  can  be  used  in  either  plain  or  reinforced  concrete  to  determine 
where  flaws  are  and  to  estimate  their  sizes,"  says  Dr.  Nicholas  Carino,  a  civil 
engineer  in  the  NBS  Center  for  Building  Technology. 

It  is  possible  to  look  for  defects  in  concrete  by  drilling  a  core  sample  or  using 
x-ray  techniques  or  gamma  radiography,  but  these  methods  are  expensive  and 
cumbersome.    Ultrasonic  waves  are  used  to  detect  flaws  in  metals,  but  because 
of  the  different  composition,  the  specific  technique  used  for  metals  will  not 
work  on  concrete. 

According  to  Dr.  H.  S.  Lew,  head  of  the  structural  evaluation  group  at  NBS, 
"There  is  a  real  need  for  a  nondestructive  system  for  detecting  flaws  in  con- 
crete that  is  reliable  and  easy  to  operate.    We  think  the  impact-echo  method 
can  fill  this  need." 

For  more  than  30  years  researchers  have  been  trying  to  apply  ultrasonic 
techniques  to  nondestructive  testing  of  concrete.    Progress  has  been  limited, 
notes  Carino,  because  concrete  is  composed  of  several  different  materials  as 
well  as  tiny  air  pockets  which  tend  to  scatter  and  absorb  sound  waves. 

One  problem  in  developing  such  a  technique  for  concrete  has  been  finding  a 
way  to  introduce  a  wave  that  can  penetrate  deeply  within  the  concrete, 
ignoring  "benign  defects"  such  as  small  air  voids  or  reinforcing  steel,  yet  be 
sensitive  enough  to  detect  critical  flaws. 

Carino  and  his  colleague,  Dr.  Mary  Sansalone,  use  small  (A-  to  16-mm  dia- 
meter) steel  balls  dropped  onto  a  concrete  slab  as  the  source  of  impact.    "You 
need  something  that  will  make  a  sharp  impact  and  produce  sound  waves  with 
the  desired  frequency,"  says  Carino.    "One  of  the  reasons  previous  attempts 
have  failed  is  because  things  such  as  hammers  and  bars  were  used  for  the 
impact  source."    Although  the  steel  balls  work  fine  in  the  laboratory,  for 
field  use  and  vertical  surfaces  spring-loaded  impactors  will  work  just  as 
well  and  are  more  practical,  he  adds. 

Another  major  hurdle  was  finding  a  suitable  transducer  to  pick  up  the  reflected 
pulse  and  convert  it  to  electrical  signals.    "We  needed  a  special  transducer 
that  would  sense  and  accurately  measure  disturbances  on  the  surface  of  the 
concrete  caused  by  the  arrival  of  the  echoes.    The  transducers  that  were 
available  were  developed  for  use  with  metals  and  were  not  suitable  for  the 
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impact-echo  method,"  says  Carino.    He  and  Sansalone  have  been  using  a 
high-fidelity  transducer  developed  by  Thomas  Proctor  of  the  NBS  Center  for 
Manufacturing  Engineering.    "It  is  a  very  sensitive,  reliable  device,"  says 
Carino. 

Carino  and  Sansalone  use  a  digital  processing  oscilloscope,  equipped  with  two 
disk  drives,  to  display,  process,  and  record  the  signals. 

So  far,  Carino  and  Sansalone  have  successfully  used  the  technique  to  find 
artificial  flaws  embedded  in  a  number  of  different  concrete  slabs.    Several 
of  the  slabs  were  reinforced  with  steel  bars.    To  minimize  the  effects  the 
steel  bars  have  on  the  signals,  the  NBS  researchers  increased  the  contact 
time  of  the  impact  to  produce  lower-frequency  waves  which  are  not 
reflected  by  the  bars.    "This  is  important,"  says  Carino,  "because  the  primary 
purpose  is  to  detect  flaws  located  below  the  reinforcing  bars,  not  to  locate 
the  bars  themselves."    In  addition,  they  have  been  able  to  detect  pockets 
of  unconsolidated  concrete  and  the  depth  of  cracks  which  are  perpendicular 
to  the  surface.    They  also  have  been  able  to  distinguish  a  hollow  metal  duct 
from  one  that  is  filled  with  grout. 

The  NBS  team  plans  to  test  the  technique  on  other  structural  elements  such 
as  rectangular  beams  and  round  columns.  Also,  they  want  to  investigate  its 
potential  for  detecting  other  types  of  flaws,  such  as  voids,  beneath  pavements. 

Although  the  impact-echo  test  is  a  simple  procedure,  it  can  be  difficult  to 
interpret  the  signals.    With  each  test  Carino  and  Sansalone  are  learning  more 
about  wave  patterns  and  how  to  interpret  them.    Eventually,  they  hope  to 
have  a  method  to  reliably  relate  specific  signals  with  particular  types  of 
defects. 

The  impact-echo  method  has  been  used  successfully  in  a  field  study.    For  general 
use,  a  more  rugged  transducer  than  can  be  coupled  easily  to  either  horizontal 
or  vertical  surfaces  first  needs  to  be  developed,  says  Carino.    But  he  is 
confident  that  the  technique  will  prove  to  work  as  reliably  under  general 
field  conditions  as  it  has  in  the  laboratory.    Says  Carino,  "We  feel  this 
research  will  form  the  basis  for  an  easy-to-operate,  nondestructive  test 
method  that  will  be  used  routinely  to  evaluate  concrete." 

For  Additional  Information:    A  report  on  the  technique,  Impact-Echo:     A 
Method  for  Flaw  Detection  in  Concrete  Using  Transient  Stress  Waves  (NBSIR 
86-3452),  can  be  ordered  from  the  National  Technical  Information  Service, 
Springfield,  VA  22161,  for  $24.95  prepaid.    Order  by  PB#87-104444/NAC. 
Additional  information  is  available  by  contacting  Dr.  Nicholas  Carino, 
National  Bureau  of  Standards,  Gaithersburg,  MD  20899;  (301)  921-3146. 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899  


Steel  Roughness  Measurement  Using  Infrared 
Thermography 

Researchers  in  the  NBS  Center  for  Building  Technology  have  de- 
veloped a  new  way  to  measure  the  roughness  of  steel  which  has 
been  "blasted"   with  an  abrasive,  such  as  sand.    Blasting  is  a  clean- 
ing process  which  prepares  a  material  for  a  coating.    Surface 
roughness  affects  the  life  of  the  coating,  but  the  exact  relationship 
is  not  well  understood  since  precise  measurements  are  difficult 
and  time-consuming  to  make.    The  NBS  method  uses  an  infrared 
thermographic  camera  coupled  with  a  computer  image  processor 
to  produce  a  depth  profile—a  pattern  of  the  peaks  and  valleys— 
of  the  steel.    Surface  roughness  can  then  be  mathematically 
described.    The  procedure  is  faster  and  more  precise  than  current 
methods.    In  addition,  the  measurements  can  be  made  without 
touching  the  material.    Currently,  the  NBS  researchers  are  exper- 
imenting with  the  procedure  to  see  if  it  can  be  used  to  charac- 
terize engineered  surfaces  and  whether  it  can  be  adopted  to 
in-line  processing  such  as  spray-painting  assembly  lines. 

FOR  ADDITIONAL  INFORMATION: 


Mr.  Jonathan  Martin 
Building  Research  Bldg.  -  Room  B348 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899;  (301)  975-6715 
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IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Chemical  Characterization 
of  Phenol/Formaldehyde 
Resins 


Analytical  procedures 
characterize  resin 
composition  and  behavior 
before  and  during  use. 


A  report  discusses  tests  of  commercial 
phenol/formaldehyde  resins  to  establish 
relationships  among  the  composition 
before  use,  the  behavior  during  curing, 
and  the  strength  after  curing.  The  resin  is 
used  in  carbon/carbon  laminates.  In  the 
curing  process,  two  molecules  of  a 
phenol  are  joined  together  in  a  sequence 
of  reactions  involving  a  molecule  of  for- 
maldehyde. In  the  last  step  of  the  se- 
quence, a  molecule  of  water  is  released. 
The  sequence  repeats  until  one  of  the  in- 
gredients is  used  up,  leaving  a  solidified 
thermoset  plastic.  Among  the  issues  to  be 
resolved  are  the  number  and  relative 
abundances  of  ingredients,  the  presence 
of  certain  chemical  groups,  the  heat-pro- 
ducing ability  of  the  resin,  and  the  range 
of  molecular  weights  present. 

The  laboratory  methods  used  to  chac- 
terize  the  resins,  reactions,  and  cured 
products  include  the  following: 

•  Physical  tests  that  reveal  the  relative 
quantities  of  volatiles  and  resin  and  the 
amount  of  resin  flow  during  a  cure  at 
low  pressure; 

•  Mechanical  tests  of  the  flexural 
strength,  flexural  modulus,  and  shear 
strength;  and 


•  Instrumental  analyses  that  distinguish 
among  the  compositions  and  chemical 
behaviors  of  different  resin  formula- 
tions. 

The  report  presents  the  data  from 
these  tests  in  graphs  and  tables.  The 
following  were  the  results  from  the  in- 
vestigation: 

•In  order  of  decreasing  utility  and 
information  yield,  the  instrumental  anal- 
yses are  liquid  or  gel-permeation  chro- 
matography; infrared  spectroscopy; 
and  differential  scanning  calorimetry, 
thermomechanical  analysis,  or  thermo- 
gravimetric  analysis. 

•  The  resins  are  mixtures  of  commercial- 
ly available  phenols  and  coreactants. 

•  The  phenols  are  typically  substituted  in 
the  metaposition. 

•The  coreactants  dissociate  to  produce 
compounds  containing  carbonyl  groups. 

•  Phenol  is  one  of  the  ingredients. 

•  Resins  with  low  phenol  content  may  be 
inadequate. 

•  The  reaction  between  the  metasub- 
stituted  phenols  and  the  coreactant  pro- 
ceeds stepwise  rather  than  smoothly. 

•  Resin  mixtures  are  fairly  reactive  and 
start  to  react  at  low  temperatures. 


The  report  also  presents  the  following: 

•  High-pressure  liquid  chromatography 
and  gel-permeation  chromatography 
should  be  adopted  as  the  main  instru- 
mental analyses. 

•  Incoming  resins  and  prepregs  should 
continue  to  be  examined  by  chemical 
and  mechanical  methods  to  build  up 
the  data  base. 

•  The  resin  mixtures  should  be  separated 
into  components,  which  should  be  sub- 
sequently identified  as  specific  com- 
pounds. 

This  work  was  done  by  Thomas  H. 
Brayden  of  LTV  Aerospace  and  Defense 
Co.  for  Johnson  Space  Center. 

Inquiries   concerning   rights   for   the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Johnson  Space  Center    Refer  to 
MSC-21055  /TN 
Lyndon  B.  Jetasen  Spaee 
Center 

Technology  Utilization  Officer: 

Dean  C.  Glenn 

Mail  Code  AL32 

Houston,  TX  77058 

(713)483-3809 

Patent  Counsel: 

Marvin  F.  Matthews 

Mail  Code  AL3 

Houston,  TX  77058 

(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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IWNSATech  Brief 


National Aeronautu  sand 
Spaa  ■Administration 


Digital  Control  of 
Durability-Testing  Burner 


Surface  temperatures  are 
controlled  more  precisely 
than  before. 


A  report  describes  hardware  and  soft- 
ware that  implement  the  hybrid  digital 
control  of  two  Jet  A-1 -fueled,  mach-0.3 
burners  from  startup  to  completion  of  a 
preset  number  of  hot-corrosion/flame- 
durability  cycle  tests  of  materials  at 
1,652°F  (900  °C).  Material-durability 
testing  in  dynamic  flame  combustion  pro- 
ducts is  in  common  use  in  the  gas-turbine 
and  high-temperature-alloys  industries. 
Heretofore,  the  determination  and  con- 
trol of  the  true  surface  temperature  has 
been  a  continuing  problem  and  a  source 
of  uncertainty  in  the  results  obtained  from 
such  tests. 

In  the  reported  system,  the  determina- 
tion and  control  of  the  surface  tempera- 


ture were  accomplished  by  the  use  of  a 
microcomputer  programmable  in  the 
BASIC  language  and  of  a  data-acquisition 
and  -control  unit;  the  two  components 
were  connected  together  by  an  IEEE-488 
bus.  The  absolute  specimen  temperature 
was  controlled  to  ±3°F  (±1.7°C)  by 
digital  adjustment  of  the  fuel  flow  using  a 
proportional-integral-derivative  control 
algorithm.  The  specimen  temperature 
was  within  ±2°F  (±1.1  °C)  of  the  set 
point  more  than  90  percent  of  the  time. 
Pressure  control  was  achieved  by  digital 
adjustment  of  the  combustion  airflow 
using  a  proportional  control  algorithm 
The  burner  pressure  was  controlled  at  1 .0 
±0.02  psig  (6.9  ±0.14  kPa  gauge). 

Logic  schemes  were  incorporated  into 
the  system  to  protect  the  test  specimen 
from  abnormal  test  conditions  in  the 
event  of  a  hardware  or  software  malfunc 
tion.  Also,  the  special  and  difficult  prob- 
lem of  the  transitions  from  heating  to 
cooling  and  back  to  heating,  presented  by 
cyclic  testing,  can  be  easily  handled  in  a 
positive  way  through  software  by  using  a 
hardware-generated  burner-position  sig- 
nal. 

The  digital  control  avoids  some  of  the 


problems  associated  with  the  analog  con- 
trol systems  commonly  used  in  such 
tests.  The  fuel  and  air  valves  are  adjusted 
by  small  incremental  steps,  as  opposed 
to  the  large,  rapid  variations  possible  with 
analog  control.  The  result  is  a  more  ac- 
curate control  of  the  test  conditions, 
especially  during  long-term  tests,  which 
are  unattended  much  of  the  time.  The  in- 
terpretation of  test  results  for  specimens 
tested  under  varying  and  sometimes 
questionable  conditions  is  greatly  sus- 
pect. The  more  accurate  control  of  para- 
meters possible  with  a  digital  control 
greatly  reduces  the  uncertainty  of  the 
results. 

This  work  was  done  by  Daniel  L. 
Deadmore  of  Lewis  Research  Center 
Further  information  may  be  found  in 
NASA  TM-86959  [N85-21321/NSF].  " 'Di- 
gital Temperature  and  Velocity  Control  of 
Mach0.3." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A@3] 
LEW  - 14362  ,'TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Research  Technology 

Agricultural  Research  Service 


Selenium:    Finding  the  Delicate  Balance 


Too  little  of  it  leads  to  the  de- 
generation of  heart  muscle  in  children. 
Too  much  of  it  produces  a  garlicky 
breath,  and  extreme  levels  can  cause 
the  loss  of  hair  and  nails.  How  much 
selenium  is  the  right  amount? 

USDA's  Orville  A.  Levander  has 
devoted  most  of  his  professional  career 
to  answering  that  question.  Levander,  a 
chemist  with  the  Agricultural  Research 
Service  Vitamin  and  Mineral  Nutrition 
Laboratory,  is  based  at  the  Beltsville 
(Maryland)  Human  Nutrition  Research 
Center. 

Fortunately,  he  says,  North  Ameri- 
cans get  adequate  selenium  in  their 
diets  because  "a  lot  of  our  food  and 
feed  crops  are  grown  in  selenium-rich 
soils.  And  our  nationwide  food  distri- 
bution system  fills  any  gaps."  But 
there  are  areas  around  the  world  where 
the  people  exist  on  foods  containing  lit- 
tle or  no  selenium.  Levander's  search 
for  the  right  amount  has  taken  him  to 
such  pockets  in  Finland,  China,  and 
New  Zealand. 

"Millions  of  children  living  in  the 
selenium-deficient  areas  of  China  are  at 
risk  of  losing  heart  muscle,"  he  says, 
"but  only  a  small  percentage  ultimately 
develop  the  condition  known  as  Keshan 
disease.  Giving  a  small  selenium  sup- 
plement to  these  children  can  prevent 
the  disease  altogether." 

Now,  under  a  National  Cancer  In- 
stitute study,  he  is  looking  for  indica- 
tions of  too  much  selenium  among 
people  in  a  selenium-rich  section  of 
China  and  in  South  Dakota  where 
animals  have  been  poisoned  by  high 
levels  in  range  plants. 

In  its  role  as  an  essential  nutrient 
for  humans,  selenium  becomes  part  of 
the  enzyme  glutathione  peroxidase, 
which  ranks  with  vitamins  E,  A,  and  C 
as  an  antioxidant.  Like  vitamin  E, 
glutathione  peroxidase  protects  the  un- 
saturated fatty  acids  in  cell  membranes 
from  being  oxidized.  (A  similar  oxida- 
tion reaction  turns  butter  rancid.) 

In  fact,  says  Levander,  vitamin  E 
can  partially  cover  for  an  inadequate 
selenium  intake  and  vice  versa. 


although  the  two  nutrients  probably 
work  in  different  ways.  "Some  doctors 
and  nutritionists  advocate  increasing 
polyunsaturated  fats  in  our  diet  but  that 
increases  a  person's  requirement  for 
selenium  and  vitamin  E." 

Levander  says  international  studies 
underline  the  pitfalls  in  basing  Recom- 
mended Dietary  Allowances  on  balance 
studies.  A  person  is  said  to  be  in 
balance  when  the  daily  intake  of  seleni- 
um, or  any  other  nutrient,  equals  the 
amount  excreted.  But  Chinese  men  liv- 
ing in  a  selenium-deficient  area  need 
only  10  micrograms  a  day  to  maintain 
their  body  stores  of  selenium,  whereas 
U.S  men  need  80  micrograms.  A 
microgram  is  one-millionth  of  a  gram. 

"You  can  get  a  very  large  differ- 
ence depending  on  what  population  you 
study  and  what  their  historical  selenium 
intake  has  been,"  he  says.  According 
to  balance  studies,  women  in  the  Unit- 
ed States  need  about  60  micrograms  of 
selenium  a  day  to  maintain  their  body 
stores.  For  both  sexes,  the  "balance  re- 
quirement" comes  to  about  1  micro- 
gram per  kilogram  of  body  weight. 
"Because  most  of  the  body's  stored 
selenium  is  in  muscle,  large  men  re- 
quire more  than  small  men  or 
women." 

As  the  selenium  expert  on  the  Na- 
tional Academy  of  Sciences'  Recom- 
mended Dietary  Allowance  Committee 
in  1985,  Levander  relied  heavily  on  the 
work  of  scientists  in  China.  By  sup- 
plementing men  living  in  the  extremely 
deficient  areas  with  increasing  amounts 
of  selenium,  the  Chinese  scientists  de- 
termined how  much  of  the  mineral  was 
needed  to  push  the  activity  of 
glutathione  peroxidase  to  its  limit. 

Levander  incorporated  the  ap- 
propriate safety  factors  and  corrections 
for  body  weight  and  arrived  at  recom- 
mendations that  "were  surprisingly 
close  to  the  results  of  the  U.S.  balance 
studies." 

The  Academy  failed  to  reach  a 
consensus  on  the  1985  revisions  as  a 
whole,  so,  until  the  next  revisions 
come  out  in  1990,  selenium  still  has  a 
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suggested  "safe  and  adequate"  range 
of  50  to  200  micrograms,  but  no  offi- 
cial RDA. 

Some  nutrition  researchers  now 
emphasize  reducing  the  risk  of  chronic 
diseases  such  as  heart  disease  and 
cancer  in  formulating  dietary  recom- 
mendations, Lcvander  says.  That  raises 
the  problem  of  toxicity  for  certain 
nutrients. 

For  example,  some  populations 
with  a  high-selenium  intake  reportedly 
have  lower  rates  of  breast  and  colon 
cancer,  he  says,  "but  many  other  fac- 
tors could  be  responsible."  In  very 
large  doses— well  above  the  200  micro- 
grams deemed  safe— the  mineral  pro- 
tects laboratory  animals  against  certain 
chemical  carcinogens.  It  has  also 
proved  effective  against  a  spontaneous 
mammary  tumor  in  mice,  says 
Levander,  adding  that  cancer  is  not  due 
to  selenium  deficiency. 

"We  really  don't  have  a  clue  as  to 
how  selenium  might  be  protective.  The 
findings  in  numerous  animal  studies 
strongly  suggest  such  an  effect,"  he 
says,  "but  sonic  recent  studies  con- 
tradict those  findings."  Such  studies 
have  not  been  done  in  humans, 
however,  "because  the  doses  are  so 
large  they  could  be  toxic." 

As  for  selenium's  alleged  ability  to 
reduce  risk  of  heart  disease.  Levander 
says  the  evidence  is  not  very  solid. 
"The  latest  findings  I've  seen  suggest 
there  may  be  other  factors  in  the  diet 
that  are  having  the  positive  effect." 

In  the  South  Dakota  study . 
Levander  is  looking  for  early  warning 
signs  of  too  much  selenium  in  the 
urine.  He  says  that  animals  exposed  to 
high  doses  ot  selenium  increase  their 
excretion  of  an  unusual  selenium- 
containing  compound  closely  related  to 
the  substance  that  causes  the  garlicky 
breath.  Its  increase  in  the  urine  may 
precede  the  body's  dumping  of  excess 
selenium  through  the  lungs. 

Levander's  international  research 
on  this  mineral  has  turned  up  some  in- 
teresting quirks.  The  human  body  dis- 
criminates between  both  the  form  and 
the  source  of  selenium,  he  says.  It  dis- 
tinguishes between  selenium  salts — 
inorganic  forms  of  selenium— and  the 
organic  forms  found  in  foods.  "The  in- 
organic forms  are  not  stored  in  the  tis- 
sues particularly  well 

"Organic  forms,  however,  tend  to 
accumulate  in  the  body.  This  can  be  a 


double-edged  sword.  Organic  selenium 
could  be  used  to  increase  the  selenium 
level  in  a  deficient  population  more 
quickly.  But  because  it  accumulates, 
there  could  be  a  dangerous  buildup  in 
the  tissues." 

"Once  zinc  is  absorbed  (into  the 
bloodstream),  zinc  is  /inc.  and  the 
body  doesn't  appear  to  discriminate  be- 
tween forms.  With  selenium,  however, 
there's  a  big  difference  in  how  the 
body  treats  different  forms." 

This  is  also  true  for  different 
sources  o\  selenium.  For  example,  the 
body  absorbs  zinc  and  iron  better  from 
animal  sources  than  from  plant  sources. 
"That's  not  the  case  with  selenium;  in 
some  instances  the  opposite  occurs." 
says  Levander.  "Selenium  from  fish 
can  be  relatively  unavailable,  whereas 
the  mineral  is  readily  available  from 
wheat  or— in  its  inorganic  form— sodium 
selenate." 

Availability,  however,  does  not  just 
depend  on  how  much  is  actually  ab- 
sorbed. Levander  explains,  but  also  on 
how  well  the  body  uses  what  gets  into 
the  blood.  "In  general,  people  absorb  a 
whopping  80  percent  or  more  o\'  the 
selenium  they  ingest.  That's  amazing 
when  compared  with  iron  absorption 
which  is  about  10  percent."  It  turns 
out  that  the  kidneys  control  body  levels 
of  selenium,  whereas  the  intestine  regu- 
lates body  levels  of  other  trace  ele- 
ments such  as  iron,  zinc,  and  copper. 

Levander  says  these  findings  alert- 
ed the  nutrition  community  that  "our 
whole  concept  of  bioavailability  may 
need  some  revaluation.  In  the  past, 
people  have  equated  bioavailability  with 
absorption.  In  other  words,  if  the  body 
can  absorb  a  nutrient,  it  seems  to  be 
able  to  use  it  pretty  efficiently.  But. 
with  selenium  compounds,  we're  faced 
with  quite  a  different  situation.  Absorp- 
tion of  selenium  is  not  a  problem.  It's 
this  metabolic  conversion  to  the  biolog- 
ically active  form  that  may  be  the 
limiting  factor." 

For  his  work  in  uncovering  these 
eccentricities  of  selenium,  Levander 
received  one  of  the  American  Institute 
o(  Nutrition's  highest  awards  in 
14X5 

Orville  A.  Levander  is  at  the 
USDA-ARS  Vitamin  and  Mineral  Nutri- 
tion Laboratory,  Bldg.  307,  Room 
220B,  Beltsville  Human  Nutrition 
Research  Center,  Beltsville,  MD 
20705.    (301)344-1627 
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Identification  Manual  for  Phytoplankton  of  the 
United  States  Atlantic  Coast 


This  project  summary  describes  an 
identification  manual  designed  to  pro- 
vide a  genera!  reference  to  Atlantic 
coast  phytoplankton.  Although  there 
are  numerous  phytoplankton  identifica- 
tion keys,  many  are  not  readily  avail- 
able, or  are  in  languages  other  than  En- 
glish. In  addition,  due  to  the  numerous 
phylogenetic  groups  in  this  category, 
an  extensive  reference  library  is  gener- 
ally required.  The  manual  is  not  in- 
tended to  he  an  all  inclusive  reference 
or  a  substitute  for  many  of  the  classical 
keys  available  in  phytoplankton  sys- 
tematics. 

The  manuaS  also  provides  references 
for  the  major  taxonomic  works,  phyto- 
plankton studies  for  the  United  States 
east  coast,  and  recommended  collec- 
tion and  preparation  techniques. 

Introduction 

An  identification  key  is  provided  for 
the  major  phytoplankton  groups.  Once 
the  major  group  is  established,  the  iden- 
tification key  for  that  category  may  be 
used  to  bring  the  user  to  a  specific 
genus,  and  direct  reference  to  species 
described  in  the  manual.  The  descrip- 
tion given  for  each  species  includes  its 
dimensions  and  general  distribution  in 
the  United  States  eastern  coastal  and 
shelf  waters. 

This  area  represents  the  region  be- 
tween Cape  Canaveral,  Florida  and 
Nova  Scotia,  including  the  Gulf  of 
Maine.  Although  several  common  estu- 
arine  species  are  also  given,  the  manual 
is  not  intended  to  be  a  reference  for  the 
various  estuarine  systems  along  the 
east  coast.  The  dimensions  given  for 
each  species  represent  genera!  ranges 
associated  with  growth  patterns 
throughout  the  year  and  in  most  cases 
include  other  geographic  areas  of  the 
world  oceans.  Local  species  should  cor- 
respond to  these  sizes  but  will  not  nec- 
essarily encompass  the  entire  range  of 
dimensions.  No  attempt  is  made  to  pro- 
vide a  synopsis  of  geographic  ranges  in 
world  seas  for  these  species. 

It  is  assumed  that  most  users  will  be 
working  with  preserved  samples  con- 
taining a  single  but  common  phase  of 
the  phytoplankter's  life  cycle.  Unfortu- 
nately, with  many  of  the  phytoflagel- 


lates,  considerable  distortion  and  loss 
of  flagella  are  associated  with  preserva- 
tion, so  that  the  examination  of  live  cells 
is  often  necessary  for  identification.  Dif- 
ficulties also  arise  in  distinguishing 
many  of  the  species  that  have  not  been 
processed  or  cleared  through  careful 
preparatory  procedures.  In  addition, 
many  groups  require  electron  mi- 
croscopy before  an  accurate  identifica- 
tion can  be  made.  In  these  cases  addi- 
tional methodology  beyond  the 
objectives  of  this  manual  would  be  re- 
quired. Several  references  involving 
procedures  and  additional  identification 
keys  have  been  provided  in  the  refer- 
ence section. 

Description 

Phytoplankton  comprise  a  diverse  as- 
semblage of  mostly  microscopic  flora 
that  inhabit  the  marine  and  fresh  waters 
of  the  earth.  Through  their  photosyn- 
thetic  activities  they  generate  oxygen 
and  represent  the  primary  producers  in 
the  majority  of  food  cycles  in  aquatic 
ecosystems.  They  may  also  be  respon- 
sible for  contributing  to  adverse  envi- 
ronmental conditions  associated  with 
toxin  production,  hypoxia,  or  anoxia.  In 
addition,  specific  phytoplankton  popu- 
lations and  assemblages  have  been 
used  as  indicators  to  various  types  of 
water  masses  or  water  quality  condi- 
tions. The  importance  of  phytoplankton 
to  the  eastern  coastal  waters  of  the 
United  States  and  the  increasing  inter- 
est directed  to  this  community  were  the 
major  reasons  for  preparing  this  identi- 
fication manual. 

The  identification  manual  is  designed 
for  general  use  by  those  who  have  not 
had  formal  training  in  phytoplankton 
systematics  or  access  to  the  numerous 
keys  and  taxonomic  references  usually 
necessary  to  identify  marine  phyto- 
plankton. The  manual  contains  173  spe- 
cies, representing  nine  taxonomic 
groups  considered  among  the  more 
common  species  found  on  the  United 
States  eastern  coast. 

The  selection  of  the  species  pre- 
sented in  the  manual  came  from  the  au- 
thor's data  files  encompassing  20  years 
of  phytoplankton  studies  along  the  east- 
ern continental   shelf  waters  of  the 
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United  States.  The  most  frequently  en- 
countered phytoplankters  were  se- 
lected, along  with  several  species  and 
representatives  from  groups  consid- 
ered characteristic  to  this  region.  It 
should  be  understood  that  each  area 
along  the  east  coast  may  at  times  be 
represented  by  a  diverse  number  of 
species,  including  many  not  repre- 
sented in  this  reference.  Particularly, 
coastal  sections  under  the  influence  of 
river  outflow  and  shoreline  drainage 
may  sporadically  or  seasonally  contain 
an  assortment  of  other  species.  Even 
with  these  exceptions,  the  species  pre- 
sented in  this  manual  are  intended  to 
provide  the  more  characteristic  phyto- 
plankters in  the  waters  of  the  U.S.  east- 
ern continental  shelf. 

Observation 

The  eastern  coast  of  the  United  States 
is  an  extensive,  dynamic,  and  diverse 
region,  with  a  continental  shelf  that  is 
generally  broad  and  subject  to  numer- 
ous environmental  variables  that  will  in- 
fluence the  presence  and  development 
of  phytoplankton.  These  variables  in- 
clude the  climatic  factors  associated 
with  the  subtropical  conditions  in  the 
southern  portion  and  the  impact  of 
colder,  boreal  waters  from  the  north. 
Within  this  area  occur  a  variety  of  cur- 
rent systems  and  other  phenomena  that 
produce  Gulf  Stream  rings,  various  up- 
welling  regions  and  outflow  from  major 
estuaries.  The  phytoplankton  of  this  re- 
gion are  composed  predominantly  of 
diatoms,  dinoflagellates,  cyanobacteria, 
and  prymnesiophyceans.  Concentra- 
tions are  highest  nearshore  and  in  asso- 


ciation with  upwelling  areas  or  major 
estuaries.  The  Chlorophyceae,  Crypto- 
phyceae,  and  Euglenophyceae  are  also 
common  and  frequently  found  in  high 
numbers.  Generally,  total  concentra- 
tions decrease  across  the  ,shelf,  rising 
again  at  various  sites  along  the  shelf 
margin.  Seasonal  changes  in  the  abun- 
dance and  composition  of  phytoplank- 
ton assemblages  are  characteristic  of 
the  northeastern  sections,  with  Cape 
Hatteras  as  a  geographic  reference  for 
generally  dividing  but  not  restricting  the 
development  of  many  of  the  northern 
and  southern  species.  For  this  eastern 
shelf  region  of  the  United  States,  over 
700  phytoplankton  species  have  been 
identified. 

Phytoplankton  Categories 

The  phytoplankton  categories  in- 
cluded in  the  manual  are  the  following: 

I.  Chrysophyceae 

A.  Bacillariophyceae  (Diatoms) 

B.  Chrysophyceae  (Golden  Algae) 

II.  Dinophyta  (Pyrrhophyta) 

A.   Dinophyceae  (Dinoflagellates) 

III.  Haptophyta 

A.  Prymnesiophyceae  (Hapto- 
phyceae) 

IV.  Cyanophyta 

A.  Cyanobacteria  (Cyanophyceae, 
Myxophyceae,  Bluegreen 
Algae) 

V.  Cryptophyta 

A.  Cryptophyta 

VI.  Chlorophyta 

A.  Chlorophyceae  (Green  Algae) 

B.  Prasinophyceae  (Prasinophytes) 

VII.  Euglenophyta 

A.  Euglenophyceae  (Euglenoids) 


Harold  G.  Marshal/  is  with  Old  Dominion  University,  Norfolk.  VA  23508. 
C.  I.  Weber  is  the  EPA  Project  Officer  (see  below). 

The  complete  report,  entitled  "Identification  Manual  for  Phytoplankton  of  the 
United  States  Atlantic  Coast,'1  (Order  No.  PB  86-151  222/ AS;  Cost:  $16.95. 
subject  to  change}  will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  V A  22161 

Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Environmental  Monitoring  and  Support  Laboratory 

U.S.  Environmental  Protection  Agency 

Cincinnati,  OH  45268 
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Intestines  Kept  Alive  in  Test  Tubes 


Thin  sections  of  pig  intestine 
can  now  be  kept  alive  and  function- 
ing in  test  tubes  for  5  days  or  more 
after  being  removed  from  the 
animal. 

This  feat  offers  new  insights  on 
how  intestines  respond  to  viruses, 
drugs,  toxic  materials,  and  the  first 
milk  (colostrum)  that  mammals 
produce  after  giving  birth. 

Phletus  P.  Williams,  a  USDA 
Agricultural  Research  Service 
microbiologist  at  the  National 
Animal  Disease  Center,  Ames,  IA, 
developed  the  technique.  Before 
now,  no  intestinal  organ  samples 
from  people  or  animals  have  been 
kept  in  good  condition  for  more  than 
3  hours. 

A  key  feature  of  Williams'  tech- 
nique is  alternating  between  rinsing 
the  tissue  and  exposing  it  to  a  car- 
bon dioxide-air  atmosphere.  The 
rinse  solution  contains  nutrients  and 
antibiotics.  The  sample  is  rotated  in 
a  glass  tube  12  times  per  hour. 

Williams  places  a  section  of  the 
intestine,  inside  out,  over  a  rectan- 
gular surgical  sponge.  This  position- 
ing enhances  cleaning  of  the 
intestine's  mucous  membrane  by  the 
gentle  rinsing.  The  rectangular  shap- 
ing helps  the  researcher  locate  sites 
for  detailed  examinations  through 
scanning  and  transmission  electron 
microscopes.  Morever,  the  inside-out 
orientation  means  the  cell  lining  of 
the  intestinal  tract  can  then  be  ob- 
served easily  and  the  penetration, 
movement,  and  effects  of  test 
materials  can  be  checked. 

"Such  observations  are  difficult 


or  impossible  in  an  intact  animal," 
Williams  says. 

In  addition  to  studies  with  viral 
pathogens  that  cause  transmissible 
gastroenteritis  (diarrhea)  and  pseu- 
dorabies,  Williams  has  demonstrated 
for  the  first  time  the  moving  of 
colostral  cells  through  the  lining  of 
intestines  taken  from  newborn  pigs. 

Colostrum,  which  passes  from 
the  gastrointestinal  tract  to  the 
bloodstream  of  a  newborn,  is  com- 
posed of  secretions  formed  in  the 
sow's  mammary  glands  before  nor- 
mal lactation.  It  is  packed  with  pro- 
teins, vitamins,  and  antibodies. 

Williams  exposed  different  sec- 
tions of  intestine  to  colostrum  he 
had  treated  with  a  fluorescent  mar- 
ker and  examined  them  under  a 
microscope.  He  determined  that  the 
first  and  second  divisions  of  piglet 
intestine  transport  colostral  cells 
through  to  the  bloodstream  for  about 
24  hours  after  birth.  Then  the  intes- 
tinal lining  thickens  and  prevents 
cell  transport. 

Pigs,  unlike  people  and  some 
animals,  do  not  receive  antibodies 
before  birth  from  the  mother 
through  the  wall  of  her  uterus. 

Because  the  first  milk  is  so  criti- 
cal to  the  survival  of  piglets,  Wil- 
liams says,  knowing  how  and  when 
colostral  cells  and  antibodies  move 
into  the  bloodstream  may  lead  to 
new  methods  for  preventing  deaths 
among  newborn  pigs. 

Phletus  P.  Williams  is  in  Virolo- 
gy Swine  Research,  USDA-ARS  Na- 
tional Animal  Disease  Center,  P.  O. 
Box  70,  Ames.  IA  50010. 
(515)  239-8201 
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Project  Number:  AMCR-R  310-6 


Filing  Code:  62A010 


Assessing  the  Human/Computer  Interface 

Guidelines  are  given  for  making  a 
realistic  and  informative  assessment. 


A  Slope.  15° 
Keyboard        B  Height,  home  row,  20  to  30  In. 

C  Front  of  desk  to  back  row  of  keys,  16  In.  max. 


D,  G 


J\ 


Desk 

Writing  Surface 
Seating 

Body  Position 
View 


D  Top  height,  20  to  30  in. 
E  Leg  room,  25  in. 
F  Kick  space,  4  x4  in. 

G  Height  20  to  30  in  (to  floor) 

H  Backrest  recline,  10°  to  15° 

I  Arm  and  leg  angle,  (posture)  90° 
J  Head  tilt,  20° 

K  Preferred  viewing  distance,  16  In. 

L  Viewing  angles,  90°  max,  45°  preferred 


Typical  Workspace  Measurements  for  the  computer/human  interface  provide  data  that  will  ensure  comfort,  mini- 
mum fatigue,  and  effectiveness.  Seating,  for  example,  should  be  adjustable  to  accommodate  the  5th-percentile  female 
and  the  95th-percentile  male  population. 


A  document  provides  guidance  for  planning  and 
conducting  a  human-factors  assessment  of  the  hu- 
man/computer interface  during  development  test- 
ing. The  procedures  and  criteria  in  the  document 
will  help  to  assess  the  adequacy  of  software,  hard- 
ware, and  workspace  design,  as  they  influence  op- 
erator performance  in  a  computer-based  system. 

The  document,  prepared  by  the  U.S.  Army  Test 
and  Evaluation  Command,  discusses  facilities  and 
instrumentation,  test  preparation,  test  controls, 
and  test  procedures.  Appendixes  present  sample 
design  checklists,  sample  task  checklists,  inter- 
view guides,  definitions,  and  a  checklist  criteria 
cross-reference. 

The  human-factors  engineer  should  first  review 
such  available  system  documentation  as  specifi- 
cations and  operator  manuals,  the  guidelines  note. 
Such  operator  tasks  as  record  keeping,  text  edit- 
ing, data  management,  and  status  monitoring 
should  be  defined. 

Criteria  such  as  compatibility,  flexibility,  reasona- 
bleness of  the  workload,  brevity  of  information 


displays,  and  immediacy  of  feedback  should  be  es- 
tablished in  terms  of  the  computer-based  system 
environment.  A  major  consideration  in  establishing 
the  criteria  is  the  nature  of  the  computer-based 
system  environment  —  aircraft,  ground  vehicle, 
portable,  sheltered,  or  in  a  building.  Atabular  matrix 
is  suggested  for  listing  the  classification  and  design 
considerations  applicable  to  the  interface. 

A  key  element  in  the  assessment  is  an  evalua- 
tion of  the  workspace  design.  The  evaluation 
should  cover  the  workstation  configuration  (see 
figure),  seating,  ambient  illumination,  and  input/out- 
put devices. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  mis  technology  by  ordering  the  NTIS  report(s): 
US  Army  Test  and  Evaluation  Command 
Test  Operations  Procedure 
Soldier-Computer  Interlace. 
Order  number;  AD-A165326/NAA 
Price  code:  AW 

Order  from: 

National  Technical  Information  Service 
5285  Pod  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Human  Tumor  Cells  and  Serum  Available 


Human  cell  lines  and  coded  se- 
rum panels  are  available  from 
two  resources  supported  by  the 
National  Cancer  Institute.  The 
serum  panels  can  be  used  to 
confirm  the  accuracy  of  im- 
munodiagnostic,  hormonal,  and 
enzymatic  tests  for  cancer.  The 
cell  lines  can  be  used  to  de- 
velop new  diagnostic  assays 
and  for  cancer  research 

Researchers  may  request 
sera  from  preoperative  or  post- 
operative cancer  patients  from 
the  National  Cancer  Institute's 
Human  Tumor  Serum  Bank  for 
Diagnostic  Studies  located  at 
the  Mayo  Foundation  in  Roch- 
ester, Minnesota.  Researchers 
may  also  request  cell  lines  from 
the  Human  Tumor  Cell  Bank  lo- 
cated at  the  American  Type  Cul- 
ture Collection  (ATCC)  in  Rock- 
ville,  Maryland. 

Cell  lines  are  used  for  studies 
in  cancer  biology,  immunology 
and  diagnosis,  and  as  source 
material  for  the  development  of 
diagnostic  assays.  The  cell  line 
provides  a  model  system  for 
studies  at  the  molecular  level  of 
biochemical  or  genetic  events  to 
identify  and  characterize  malig- 
nant cells  Cell  lines  have  pro- 
vided a  source  of  tumor  related 
antigens  and  a  source  of  nucleic 
acids  for  the  development  of 
DNA  and  RNA  probes  used  to 
identify  nucleic  acid  sequences 
of  potential  diagnostic  interest, 
including  oncogenes  and  gene 
rearrangements. 

Investigators  choose  a  spe- 
cific cell  line  for  the  properties 
unique  to  it.  The  line  may  sepa- 
rate a  particular  hormone  at 
higher  levels  than  normal;  it  may 
synthesize  specific  isoenzymes 
or  other  unique  proteins,  or  it 
may  have  a  marker  useful  for 
developing  a  diagnostic  test. 
When  inoculated  into  suitable 
host  animals,  many  of  these 
lines  produce  tumors  character- 
istic of  the  tumor  of  origin.  Each 
cell  line,  categorized  by  organ — 
for  example,  kidney,  ovarian,  co- 
lon, or  liver  cancer — is  fully  de- 


scribed in  the  repository's  cata- 
log, which  is  available  to  all 
investigators  upon  request. 

Before  obtaining  a  cell  line  the 
researcher  must  sign  a  form  as- 
suring that  the  line  will  be  used 
for  research  purposes  only  and 
that  it  will  not  be  redistributed  to 
third  parties.  A  brief  description 
of  the  planned  research  is  also 
needed.  After  these  appropriate 
documents  are  submitted  the 
cell  line  is  shipped  by  the  ATCC 
in  a  1.2-ml  ampule  packaged  in 
dry  ice.  A  fact  sheet  with  the 
designation  of  the  line  and  de- 
tails concerning  methods  for 
growth  and  subcultivation  are 
included. 

Numerous  and  diverse  stud- 
ies illustrate  the  utility  of  cell 
lines  in  the  bank.  For  example, 
two  cancerous  kidney  cell  lines 
were  requested  from  the  Human 
Tumor  Cell  Bank  for  a  study  fo- 
cusing on  plasminogen  activa- 
tor, a  common  secretory  prod- 
uct of  many  malignant  cells.  The 
cell  lines  were  found  to  release 
a  form  of  this  important  factor 
that  may  help  to  confer  invasive 
potential  as  multiplication  of  the 
tumor  cells  progresses. 

Currently,  there  are  126  cell 
lines,  including  22  breast  cancer 
lines,  available  from  the  Human 
Tumor  Cell  Bank.  Each  month 
more  than  260  cell  cultures  from 
this  group  are  shipped  out  to  in- 
vestigators. Many  human  and 
other  cell  lines  are  also  available 
from  other  collections  supported 
by  funds  from  NIH 

Not  only  can  researchers  re- 
ceive lines,  but  they  can  also 
donate  cell  lines  that  they  have 
developed.  Core  staff  actively 
solicit  cell  lines  from  the  re- 
search community.  Before  a  line 
is  accepted  its  research  poten- 
tial is  discussed  with  the  donor, 
and  its  addition  is  approved  af- 
ter review  by  ATCC  scientists 
and  a  committee  advising  the 
NCI. 

Serum  may  be  requested  from 
the  Human  Tumor  Serum  Bank 
after  a  scientist  has  developed  a 


promising  assay  for  diagnosing 
cancer  or  for  the  prognosis  or 
monitoring  of  cancer  therapy 
The  assay  must  accurately  dis- 
tinguish cancerous  tumors  from 
benign  tumors  in  no  more  than  1 
ml  of  serum 

As  part  of  their  application  for 
samples,  requestors  must  sub- 
mit a  brief  description  of  the  as- 
say developed  and  its  expected 
utility.  Whenever  possible,  re- 
prints or  prepublication  descrip- 
tions of  pertinent  information 
should  also  accompany  the 
request. 

Sera  provided  by  the  bank  are 
not  marked  as  being  benign  or 
malignant.  The  panels  are  sup- 
plied frozen  in  the  blind-coded 
form  to  ensure  the  accuracy  of 
the  studies  performed  They  are 
specifically  designed  for  the 
particular  marker  the  investiga- 
tor is  looking  for.  For  example,  if 
the  research  encompasses  lung 
cancer,  the  panel  would  include 
lung  cancers,  benign  diseases 
related  to  the  lungs  and  sera 
from  normal  people  for  controls 
Shipments  include  directions  for 
reconstituting  and  culturing  the 
panels 

After  an  assay  is  tested  tne 
reseacher  must  report  findings 
to  the  serum  bank  Clinical  data 
about  the  samples,  including 
whether  the  samples  were  nor- 
mal, benign,  or  malignant,  the 
age,  sex,  race,  and  blood  type 
of  the  patient  from  whom  the 
sample  was  taken,  are  then 
provided  to  the  researcher  The 
core  staff  at  the  serum  bank 
may  also  perform  a  statistical 
analysis  of  the  data  and  sena  a 
copy  of  the  analyses  to  the 
researcher. 

The  Human  Tumor  Serum 
Bank  has  sera  from  38  different 
cancer  sites.  Ten  vials  of  sera 
are  collected  from  each  patient 
The  bank  obtains  sera  and  clini- 
cal data  from  approximate  .  50 
patients  for  each  of  19  specific 
neoplasms  such  as  acute  _;.  id 
chronic  leukemia,  colon,  pros- 
tate, kidney,  and  pancreatic 
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cancers — prior  to  therapy  if  pos- 
sible. Sera  and  data  from  15 
specific  benign  tumors,  includ- 
ing lung,  colon,  esophagus,  and 
brain  tumors,  and  from  12  non- 
malignant  diseases  are  also  ob- 
tained. There  are  more  than 
20,000  serum  samples  stored  at 
the  bank. 

The  Human  Tumor  Serum 
Bank  also  stores  sera  from  pa- 
tients with  breast  cancer  or  with 
benign  breast  diseases.  The 
sera  can  be  used  to  search  for 
breast  cancer  markers,  to  verify 
preliminary  data,  and  to  com- 
pare performances  of  assays 
from  several  laboratories.  Al- 
though breast  cancer  sera,  like 
the  other  sera,  are  first  collected 
prior  to  therapy,  they  also  are 
collected  once  a  year  for  several 
years  after  treatment. 

When  breast  cancer  sera  are 
supplied  to  researchers,  the 
same  information  that  accom- 
panies other  types  of  sera  is 
provided  upon  receipt  of  the  as- 
say results.  Some  additional  in- 
formation is  provided,  including 
whether  breast  biopsies  or 
mastectomies  were  performed 
previously  and  the  patient's  clin- 
ical status,  endocrine  status, 
and  family  history  of  breast 
cancer. 

To  organize  the  information 
about  the  cell  lines  and  sera 
each  repository  has  installed  a 
computerized  data  base.  Perti- 
nent clinical  data  about  the  sera 
and  the  cell  lines,  respectively, 
and  an  inventory  of  the  samples 
are  some  of  the  information  that 
is  stored. 


For  more  information  on  either 
the  Human  Tumor  Cell  Line 
Bank  or  the  National  Cancer  In- 
stitute's Human  Tumor  Serum 
Bank  for  Diagnostic  Studies, 
contact: 

Dr.  Roger  L.  Aamodt 
Project  Officer 
National  Institutes  of  Health 
National  Cancer  Institute 
Westwood  Building,  Room 
10A15 

5333  Westbard  Avenue 
Bethesda,  Maryland  20892 
Telephone:  (301)  496-7147. 


Human  cell  lines  at  the  ATCC 
Human  Tumor  Cell  Bank  are  put 
into  ampules  for  shipment  to 
researchers. 


A  technician  stores  human  cell 
lines  in  liquid  nitrogen 
refrigerators  at  the  American 
Type  Culture  Collection  (ATCC) 
in  Rockville,  Maryland. 
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Air-Cooled  Vests  for  Workers  in  Hot  Environments 

The  vests  can  extend  periods  of  tolerance  to  heat  to  many  hours. 


A  study  has  evaluated  the  effectiveness  of  an 
air-cooled  vest  in  reducing  physiological  strain  of 
people  in  chemical-protective  clothing.  The  insula- 
tion and  low  moisture  permeability  of  chemical- 
protective  clothing  severely  limit  the  normal  bodily 
heat-dissipating  mechanisms,  most  markedly  the 
evaporation  of  sweat.  The  average  tolerance  time 
for  people  performing  moderate  work  in  hot  envi- 
ronments while  wearing  protective  clothing  is  only 
30  to  90  minutes.  This  heat-stress  problem  has  led 
to  the  development  of  various  auxiliary  cooling 
devices. 

The  study  by  the  U.S.  Army  Natick  Research, 
Development  and  Engineering  Center  evaluated 
the  cooled  vest  under  fairly  severe  heat-stress  con- 
ditions. The  vest  was  tested  on  male  subjects  work- 
ing for  3  hours  at  a  moderate  metabolic  rate  of 
340  W  under  desert  conditions  (49  °C,  19°C  dew 
point,  radiant  load  70  W).  It  was  also  tested  on  the 
same  subjects  working  at  a  light  metabolic  rate  of 
240  W  for  an  extended  duration  (12  hours). 

During  the  3-hour  test,  the  subjects  walked  for 
50  minutes  at  1  meter/second,  then  rested  for  10 
minutes.  During  the  1 2-hour  test,  the  subjects  alter- 
nated walking  and  resting  in  50-minute  intervals. 
Measurements  of  rectal  temperature  (see  figure) 
and  sweating  rate  were  made,  and  electrocardio- 
grams were  recorded. 

The  air-cooled  vest  was  found  to  reduce  physio- 
logical strain  significantly  and  to  increase  the  time 
that  workers  wearing  protective  garb  can  tolerate 
hot  environments.  The  test  subjects  perceived  the 
environment  as  comfortable  overall  when  they 
wore  the  vest. 


39  Sf- 

J  REST 

38.0 

m  walk 

2. 

T          I 

cc     38.  b 

3 

H 

2 

T 

Ei 

a.     16.0 

li 

£ 

I 

w 

*~ 

n    ■    ■    K    BS 

_i 

I 

■                                  ■ 

£     J7.5 

T     ■ 

1    1    I    I    I    1 

U 

Hi    1 

I   ■   n          H   rl 

Ul 

m    ■ 

tt 

r    m 

[III       B 

37.0 

36  4 

ill! 

imu 

1 

i                  i 

2                                     3 

TIME  (h| 

Rectal  Temperature  steadily  increased  over  a  3-hour 
test  of  an  air-cooled  vest  worn  under  chemical-protec- 
tive clothing,  reaching  a  maximum  of  38.5  +  0.6  °C  —  a 
1.7  °C  increase  over  the  initial  resting  value.  The  sub- 
jects could  probably  have  continued  for  another  1  to  1 Vi 
hours  before  the  rectal  temperature  reached  39.5  °C. 
the  level  at  which  heavy  heat  casualties  can  be  expect- 
ed. 


FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reports} 
Effectiveness  of  an  Air-Cooled  Vest  in  Reducing  Heat  Stress 
of  Soldiers  111  Chemical  Protective  Oothing 
Order  number  ADA168370NAA 
Price  code:  AQ2 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  (he  sponsorship  ot  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Tabletop  Robot  Assesses  Nutrients  in  Food 

A  tabletop  robot  is  now  employed 
at  the  USDA  Agricultural  Research 
Service  Nutrient  Composition  Laborato- 
ry in  Beltsville,  MD,  helping  chemists 
assess  the  vitamin  content  of  foods 
commonly  eaten  in  the  United  States. 
In  just  15  minutes,  the  2-foot-tall 
mechanical  assistant  unscrews  a  cap 
from  a  test  tube,  adds  acid  to  the  dis- 
solved food  sample,  screws  the  cap 
back  on,  places  the  tube  in  a  shaker, 
then  transfers  it  into  a  centrifuge,  and 
finally  draws  a  small  specimen  into  a 
syringe  and  sends  it  on  its  way  through 
a  high-performance  liquid  chro- 
matograph. 

Working  with  the  robot,  "I  can 
run  twice  as  many  food  samples  in  8 
hours,"  says  Darla  J.  Higgs,  who 
programmed  each  precise  movement  of 
the  robot's  stainless-steel  arm.  "It's  not 
that  it  moves  any  faster  than  a  person; 
it  just  keeps  going. 

"Our  goal  is  to  automate  our  ana- 
lytical systems,"  says  Higgs,  a  physical 
sciences  technician. 

The  Nutrient  Composition  Labora- 
tory is  charged  with  developing  new 
technology  and  improving  existing 
methods  for  measuring  nutrients  in 
foods,  according  to  its  head  scientist 
Gary  R.  Beecher.  In  addition,  he  says, 
"the  staff  analyzes  nutrients  for  which 
information  is  either  antiquated  or  lack- 
ing or  that  have  been  associated  with 
major  health  problems  such  as  heart 
disease  or  cancer." 

According  to  colleague  Joseph  T. 
Vanderslice,  the  nutrient  values  for 
some  foods  listed  in  USDA's  handbook 
on  food  composition  are  calculated  or 
inferred  from  measurements  of  other 
foods.  And  the  U.S.  diet  has  changed 
over  the  years  from  agricultural  com- 
modities to  processed  foods.  "Process- 
ing can  alter  the  types  and  amounts  of 
vitamins  and  essential  minerals,"  he 
says. 

Higgs  says  she  launched  the  robot- 
ic system  on  an  analysis  for  vitamin  C 
because  the  vitamin's  instability  would 
test  the  system's  reliability  and 
reproducibility.  After  adding  a  chemical 
stabilizer  to  the  food  samples,  she 


Darla  Higgs  programs  robot  for  tests 
related  to  vitamin  C  studies. 


found  that  the  vitamin  could  be  ana- 
lyzed over  a  24-hour  period  without 
degradation  or  loss  of  either  of  its  two 
active  forms. 

"Some  of  the  vitamin  C  values  in 
the  food  composition  handbook  are 
only  for  ascorbic  acid,  while  others  in- 
clude dehydroascorbic  acid— its  other 
active  form,"  Higgs  says. 

Analyses  for  vitamin  B-l,  which  is 
more  stable  than  vitamin  C,  also 
proved  to  be  very  reliable  and  reprodu- 
cible using  the  robot. 

"It's  more  consistent,"  she  says, 
noting  that  robots  don't  make  the  errors 
a  person  would  make,  especially  when 
working  24-hour  days. 

Robots  can  also  work  in  total  dark- 
ness or  in  cold  rooms  if  the  nutrients 
being  analyzed  happen  to  be  light  sensi- 
tive or  need  to  be  kept  chilled. 


Darla  J.  Higgs,  Joseph  T.   Van- 
derslice, and  Gary  R.  Beecher  are  in 
Building  161,  Beltsville  Agricultural 
Research  Center-East,  Beltsville,  MD 
20705.  (301)344-2370 
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Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Photoeiectronic  Monitor  of  Motion  Sickness 

An  instrument  measures  the  drop  in  skin  infrared 
reflectance  accompanying  nausea. 


The  nausea  that  accompanies  human 
motion  sickness  is  monitored  by  an  instru- 
ment that  records  the  reflectance  of  the  skin 
at  a  wavelength  of  940  nm.  Pale  skin,  a  car- 
dinal symptom  of  motion  sickness,  is  proba- 
bly caused  by  a  decrease  in  the  volume  of 
blood  in  the  microcirculation  system  of  the 
skin,  although  the  mechanisms  that  trigger  it 
are  not  yet  understood. 

The  instrument  includes  a  gallium  arse- 
nide light-emitting  diode  (LED)  and  a  silicon 
phototransistor  with  an  infrared  filter,  all  cast 
in  a  single  plastic  housing.  The  housing  is  at- 
tached to  the  subject's  face  with  transpar- 
ent double-sided  adhesive  tape.  The  LED  di- 
rects pulses  of  infrared  light  to  the  skin, 
which  reflects  them  to  the  phototransistor. 
The  phototransistor  produces  a  signal  that  is 
processed  by  external  circuits  to  yield  a  plot 
of  infrared  reflectance  with  time.  The  exter- 
nal circuits  are  temperature-compensated 
and  respond  only  to  the  pulsed  component 
of  the  detector  output,  rejecting  those  com- 
ponents caused  by  stray  light.  The  circuits 
also  extract  the  blood-volume  pulse  ampli- 
tude and  the  heart  rate. 

The  amplitude  of  the  LED  pulses  can  be 
adjusted  so  that  the  light  reflected  to  the  de- 
tector can  be  standardized;  the  instrument 
therefore  works  equally  well  on  dark- 
skinned  and  light-skinned  people.  The  LED 
power  is  low  enough  to  have  a  negligible 
skin -heating  effect. 

Tests  of  the  instrument  were  made  on 
subjects  who  were  asked  to  make  head 
movements  while  seated  in  a  rotating  chair 
or  while  wearing  left/right  vision  reversal 
goggles.  The  onset  and  remission  of  pallor 
and  extent  of  pallor,  as  measured  by  the  in- 
strument, correlate  well  with  reports  of 
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This  Recording  of  Pallor  for  a  test  subject  also  shows  periods  of  head  movement  and  reports  of 
nausea.  The  peak  of  the  curve  indicates  a  transient  blush  that  precedes  nausea  in  some  subjects. 
The  label  "rotation"  indicates  the  period  during  which  the  seated  subject  was  spun  at  54  degrees 
per  second. 


nausea  by  the  subjects  and  with  changes  in 
skin  temperature  (see  figure)  measured 
elsewhere  on  the  face. 

This  work  was  done  by  Charles  M.  Oman 
and  Walter  J.  C.  Cook  of  the  Massachusetts 
Institute  of  Technology  for  Johnson  Space 
Center.  No  further  documentation  is 
available. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights  for 
its  commercial  use  should  be  addressed  to: 


RoomE19-722 

MIT 

77  Massachusetts  Ave 

Cambridge.  MA  02139 
Refer  to  MSC-20794.  ,tn 
Lyndon  B.  Johnson  Space 
Canter 

Technology  Utilization  Officer 
Dean  C  Gienn 
Mall  Code  AL32 
Houston.  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Marvin  F.  Matthews 
Mall  Code  AL3 
Houston,  TX  77068 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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sIPUFF  2.0— A  Multiple  Source  Gaussian  Puff 
lispersion  Algorithm  User's  Guide 


INPUFF  is  a  Gaussian  Integrated 
PUFF  model.  The  Gaussian  puff  diffu- 
sion equation  is  used  to  compute  the 
contribution  to  the  concentration  at 
each  receptor  from  each  puff  every  time 
step.  Computations  in  SNPUFF  can  be 
made  for  a  single  or  multiple  point 
sources  at  up  to  100  receptor  locations. 
In  practice,  however,  the  number  of  re- 
ceptors should  be  kept  to  a  minimum. 
In  the  default  mode,  the  model  as- 
sumes a  homogeneous  wind  field. 
However,  the  user  has  the  option  of 
specifying  the  wind  field  for  each  mete- 
orological period  at  up  to  100  user- 
defined  grid  locations.  Three  dispersion 
algorithms  are  utilized  within  INPUFF 
for  dispersion  downwind  of  the  source. 
Optionally  the  user  can  incorporate  his 
own  subroutines  for  dispersion  and 
plume  rise.  Removal  is  incorporated 
through  deposition  and  gravitational 
settling  algorithms.  A  software  plotting 
package  is  provided  to  display  concen- 
tration versus  time  for  a  given  receptor 
and  the  puff  trajectories  after  each  sim- 
ulation time. 

Introduction 

INPUFF  is  a  Gaussian  Integrated  PUFF 
model  with  a  wide  range  of  applica- 
tions. The  implied  modeling  scale  is 
from  tens  of  meters  to  tens  of  kilome- 
ters. The  model  is  capable  of  addressing 
the  accidental  release  of  a  substance 
over  several  minutes,  or  of  modeling 
the  more  typical  continuous  plume 
from  a  stack.  Several  requests  to  the 
Meteorology  Division  for  assistance  in 
modeling  the  air  quality  downwind  of 
incineration  ships  prompted  the  devel- 
opment of  an  integrated  puff  model.  IN- 
PUFF is,  therefore,  capable  of  simulat- 
ing moving  point  sources  as  well  as 
stationary  sources. 

Computations  in  INPUFF  can  be  made 
for  multiple  point  sources  at  up  to  100 
receptor  locations.  In  practice,  however, 
the  number  of  receptor  locations  should 
be  kept  to  a  minimum  to  avoid  exces- 
sive run  time.  INPUFF  is  primarily  de- 
signed to  a  model  a  single  event  during 
which  one  meteorological  transition  pe- 
riod may  occur,  such  as,  going  from  af- 


ternoon to  evening  conditions.  Up  to 
144  separate  meteorological  periods  of 
the  same  length  may  be  used  to  charac- 
terize the  meteorology  during  the 
event;  this  provides  a  time  resolution 
that  ranges  from  minutes  to  an  hour. 
The  user  has  the  option  of  specifying 
the  wind  field  for  each  meteorological 
period  at  up  to  100  grid  locations  or  al- 
lowing the  model  to  default  to  a  homo- 
geneous wind  field. 

Three  dispersion  algorithms  are  used 
within  INPUFF  for  dispersion  downwind 
of  the  source.  The  user  may  select  the 
Pasquill-Gifford  (PGI  scheme  or  the  on- 
site  scheme  for  short  travel  time  disper- 
sion. The  on-site  scheme,  so  named  be- 
cause it  requires  specification  of  the 
variances  of  the  vertical  and  lateral  wind 
direction.  The  long  travel  time  scheme 
is  the  third  dispersion  algorithm  in 
which  the  growth  of  the  puff  becomes 
proportional  to  the  squaie  toot  of  time. 
Optionally,  the  user  can  ^corporate  his 
own  subroutine  for  estimating  atmos- 
pheric dispersion. 

INPU!  F  utilizes  the  deposition  al- 
gorithms based  on  analytical  solutions 
of  a  gradient  transfer  model.  In  the  limit 
when  pollutant  settling  and  dry  deposi- 
tion velocities  are  zero  these  expreb 
sions  reduce  to  the  Gaussian  diffusion 
algorithms. 

A  software  plotting  package  has  also 
been  provided  to  display  concentra- 
tions versus  time  for  a  given  recepior 
and  the  puff  trajectories  after  each  sim 
ulation  period. 

Features  and  Limitations 

Several  requests  to  the  Environmen- 
tal Operations  Branch  for  assistance  in 
modeling  the  air  quality  downwind  of 
incineration  ships  stimulated  the  devel- 
opment of  INPUFF,  a  model  capalle  of 
simulating  a  moving  point  source  in  a 
spatially  variable  wind  field.  The  model 
also  possesses  the  following  features 
which  increase  its  flexibility  and  range 
of  application 

•  Optional  stack  tip  downwash 

•  Wind  speed  extrapolated  to  release 
height, 
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•  Temporally  variable  source  charac- 
teristics, 

•  Temporally  and  spatially -variable 
wind  field, 

•  Up  to  100  receptors, 

•  Some  consideration  of  terrain  ef 
fects  through  the  wind  field, 

•  Optional  buoyancy  induced  disper- 
sion, 

•  Optional  deposition  and  settling, 

•  Optional  user  supplied  dispersion 
parameters, 

•  Optional  user  supplied  plume  rise, 
and 

•  Optional  graphics  display. 
Although  INPUFF  has  several  advan 

tages  over  its  continuous  plume  coun- 
terparts, it  still  retains  several  limita- 
tions, including: 

•  Wind   direction   constant  with 
height, 

•  No  consideration  of  chemical  reac 
lions, 

•  No  explicit  treatment  of  complex 
terrain, 

•  No  consideration  of  building  wake 
or  cavity  effects. 

Data  Requirements 

INPUFF  requires  data  on  user  options, 
grid  dimensions,  sources,  meteorology, 
receptors,  and  plotter  control.  The  user 
must  indicate  whether  the  following  op- 
tions are  to  be  employed: 

•  Stack  tip  downwash, 

•  Source  update, 

•  User-supplied  wind  field, 

•  Intermediate  concentration  output, 

•  Puff  information  output, 

•  Buoyancy  induced  dispersion, 

•  User-supplied  dispersion  algo- 
rithm, and 

•  User-supplied  plume  rise  algo- 
rithm. 

The  dimension  of  the  modeling  grid 
must  be  specified.  If  the  user-supplied 
wind  field  option  is  implemented,  then 
the  dimension  of  the  meteorological 
grid  along  wth  the  size  of  each  grid 
rectangle  must  also  be  indicated.  It  is 
recommended  that  both  grids  be  given 
a  common  origin.  If  a  puff  travels  out- 


side the  modeling  region,  it  is  deleted 
from  futher  consideration.  If  it  travels 
outside  the  meteorological  grid,  but  is 
still  within  the  modeling  region,  the 
wind  at  the  nearest  grid  point  to  the  puff 
is  used  to  advect  it  fuithe/. 

Information  on  the  source  includes 
the  following: 

•  Location  (km), 

•  Emission  rate  (g/sec), 
Physical  stack  height  (rn), 
Stack  gas  temperature  (K), 
Stack  diameter  (m), 
Stack  gas  velocity  (m/sec), 
Stack  gas  volume  flow  (m3/sec), 
Initial  dispersion  parameters  (m), 
and 

•  Deposition  and  gravitational  set- 
tling velocities  (cm/sec). 

Also,  the  direction  and  speed  of  the 
source,  if  it  is  moving,  must  be  provided 
as  input. 

The  meteorological  data  needed  for 
the  computations  are  as  follows: 

Wind  direction  (deg), 

Wind  speed  (m'sec), 

Mixing  height  (m/,' 

Stability  class  (dirnensionless). 

Standard  deviation  of  elevation 

angle  (radians), 

•  Standard  deviation  of  azimuth 
angle  (radians), 

•  Ambient  air  temperature  (K),  and 

•  Anemometer  height  (m). 

The  user  has  the  option  of  updating  the 
meteorological  information  after  each 
meteorological  time  period.  The  loca- 
tion and  height  of  each  receptor  must 
be  indicated.  If  dispersion  is  character- 
ized by  the  on-site  scheme,  then  the 
standard  deviations  of  the  azimuth  and 
elevation  angles  are  required. 

The  following  information  is  required 
by  the  plot  routines: 

•  Type  of  plot  desired, 

•  Location  of  concentration  versus 
time  plots,  and 

•  Plotting  grid. 

The  plot  routines  were  developed  on  a 
UNIVAC  1110  and  use  CALCOMP  plot- 
ting software. 


The  EPA  author,  W.  B.  Peterson  (also  the  EPA  Project  Officer,  see  below), 
is  with  Atmospheric  Sciences  Research  Laboratory,  Research  Triangle  Park, 
NC  2771 1;  and  L.  G  Lavdas  is  with  USDA,  U.S.  Forest  Service,  Dry  Branch, 
GA  31020. 
The  complete  report,  entitled  "INPUFF  2.0 — A  Multiple  Source  Gaussian  Puff 
Dispersion  Algorithm:  User's  Guide,"  (Order  No  PB  86-242  450/ AS,  Cost: 
$18.95,  sub/ect  to  change)  will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  V A  22161 

Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Atmospheric  Sciences  Research  Laboratory 

U.S.  Environmental  Protection  Agency 

Research  Triangle  Park,  NC  2771 1 


Laboratory  Technology 

U.S.  Department  of  the  Interior 


No.  268 


Faster  Roof  Bolt  Hole  Drilling 


Objective 

Minimize  drilling  time  in  roof 
bolting. 

Approach 

The  Bureau  of  Mines  conducted 
a  survey  of  34  roof  bolting 
machines  used  in  underground 
coal  mines.  Results  of  the  survey 
indicated  that  drilling  time,  bit 
cost,  and  respirable  dust  con- 
centrations could  be  reduced  by 
using  the  appropriate  bits  for 
drilling.  To  evaluate  bits  currently 
used  and  to  find  optimum  cutting 
parameters  needed  to  minimize 


drilling  time,  the  Bureau  tested 
two  bits  commonly  used  in  most 
underground  mines  on  both  wet 
and  dry  systems.  These  are  the 
dusthog*  and  shank  type.  The 
dusthog  has  dust  ports  in  the  bit 
body  to  remove  cuttings.  With 
shank  bits,  holes  in  the  drill  steel 
do  this.  Cost  of  each  type  is 
roughly  equal.  Bolters  with  dry 
vacuum  systems  were  tested  in 
the  laboratory  first.  The  lab  tests 
were  verified  by  underground 
tests  in  several  mines.  Bolters 
with  low-pressure  wet  drilling 
systems  were  also  tested  under- 
ground. Tests  concentrated  on 
the  effect  of  rpm,   water  and 


SHANK  VS.  DUST  HOG  ROOF  DRILL  BITS 

DRY  DRILLING  AT  400  RPM 

LAB  RESULTS 


Shank 

Diam      Drilling  rate 
I  in        1.63  ft/min 
I  Vein      1.81    ft/min 


Dust  hog 

Diam       Drilling  rate 
I  in       2.17  ft/min 
I  3/8  in     2.15  ft/min 


loSt 


Laboratory  results  of  the  shank  vs.  the  dusthog  type  bit  during  dry 
drilling  tests  at  400  rpm. 


airflow  rates,  heating,  wear,  bit 
design  and  bit  type. 

Lab  Results  —  Dry 
Drilling 

Holes  were  drilled  during  the 
laboratory  tests  using  a  produc- 
tion model  bolter  drilling  45-incn- 
deep  holes  into  mixtures  of  lime- 
stone and  sandstone  aggregate. 
All  tests  started  with  new  shank 
and  dusthog  type  bits  at  225  and 
450  rpm.  Thrust  was  about  6.000 
lbs  in  all  tests.  Each  bit  was 
tested  at  two  airflows,  1 5  and  25 
cfm,  airflows  which  are  typical  on 
operating  roof  bolter  bits.  Eleven 
styles  of  bits  were  evaluated.  On 
the  average,  dusthog  bits  drilled 
25%  faster  than  shank  types  and 
were  always  cooler  after  drilling. 
The  effect  of  RPM  was  tested 
with  5  different  bit  types.  When 
bit  rpm  was  increased  from  300 
to  400,  drilling  rates  doubled. 
With  used,  well-worn  bits  drilling 
time  and  final  bit  temperature 
were  more  than  doubled. 

Underground  Results  — 
Dry  Drilling 

Dusthog  bits  drilled  faster  than 
shank  types  in  all  underground 
tests.  Rates  ranged  from  20°o  to 
63%  faster.  Dusthogs  also  drilled 
cooler,  generated  much  less  re- 
spirable dust  and  showed  less 
wear.  Tests  were  conducted  us- 
ing 1-inch  dusthog  bits  in  both 
soft  and  hard  roof  rock.  In  the 
mine  with  very  soft  roof  [300 
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holes  to  wear  out  a  bit),  increas- 
ing the  airflow  at  the  bit  from  12 
cfm  to  30  cfm  cut  drilling  time  by 
more  than  half,  primarily  be- 
cause this  eliminated  puffing  and 
plugging.  The  high  airflow  was 
achieved  by  using  a  good  blower 
and  reducing  vacuum  hose  and 
dust  collector  leaks.  In  a  mine 
with  hard  roof  (1  hole  to  wear  out 
a  bit),  changing  airflow  from  1 2  to 
42  cfm  had  no  effect  on  drilling 
time.  Unfortunately,  however, 
dusthog  bits  generally  drill 
smoother  holes  and  this  may  not 
be  desirable  for  resin  bolting. 

Wet  Drilling 

Low-pressure  wet  drilling  of  roof 
bolt  holes  is  very  common  in  U.S. 
western  mines  and  in  some  east- 
ern mines  where  dry  drilling  is 
too  expensive  due  to  hard  roof. 
Although  water  used  during  wet 
drilling  does  create  problems, 
especially  in  low  coal,  wet  drilling 
can  offer  distinct  advantages. 
Results  from  a  Bureau  study  in 
an  eastern  mine  identified  water- 
flow  and  bit  design  as  two  factors 
in  wet  drilling  speed.  Tests  were 
conducted  at  405  rpm  and  48 
psig  water  pressure.  At  six 
places  studied  in  the  mine,  typi- 
cal drilling  rates  for  1%-inch  dia- 
meter holes  were  3.8  ft/min  at  3 
gpm  and  5  ft/min  at  6  gpm. 
Increasing  waterflow  above  6 
gpm  did  not  significantly  affect 
the  drilling  rate.  Depending  on 
the  type  of  bit  used,  wet  drilling 
tests  at  a  waterflow  rate  of  ap- 
proximately 2  gpm  slowed  the 
drilling  rate  to  less  than  3  ft/min. 
When  the  water  was  cut  off,  the 
bit  burned  up  in  only  6-inches  of 
advance. 

Drilling  rates  were  also  evalu- 
ated for  five  different  bit  designs. 


WET  BIT  DESIGN  VS  DRILLING  RATE 
AT  6  GPM  AND  48  PSIG 


3.4  ft/mm 


4  ft/min 


5  ft/min 


Standard 

commercial 

bit 


Standard 

commercial 

bit 


0 

i i 

Scale,  in 


Same  as  No.^ 
except  water  port 

enlarged  and 
inlet  chamfered 


Various  wet  bit  designs  tested  including  the  modified  bit  (#3). 


As  with  earlier  work,  all  bit  tests 
started  with  a  new  or  reground 
bit.  The  best  rate  at  6  gpm  was 
achieved  for  a  1%-inch  diameter 
specially-modified  shank  type 
bit,  with  two  enlarged,  cham- 
fered holes  drilled  axially  from 
the  shank  end  to  the  carbide  end 
of  the  bit.  These  holes  injected 
the  water  very  close  to  the  cut- 
ting and  crushing  surface  of  the 
carbide.  This  bit  typically  drilled 
25%  faster  than  the  next  best, 
the  same  commercial  bit  with 
slightly  smaller  holes. 

Some  1%  inch  dusthog  bits, 
including  some  designed  and 
sold  for  dry  vacuum  systems, 
were  also  evaluated.  Most  of 
these  designs,  which  injected 
the  water  close  to  the  carbide 


and  thoroughly  supported  the 
carbide,  did  well.  There  was  no 
measurable  bit  temperature  in- 
crease during  wet  drilling  tests 
with  the  best  bits  at  any  of  the 
water  flowrates  used.  Since  the 
rate  of  water  delivery  to  the  bit  is 
constant,  faster  drilling  due  to  bit 
selection  reduces  the  total 
amount  of  water  used. 

For  More  Information 

Further  information  can  be 
obtained  by  writing  Mr.  Edward 
F.  Divers,  the  technical  project 
officer  for  this  research,  at  the 
Bureau  of  Mines,  Pittsburgh  Re- 
search Center,  P.O.  Box  18070, 
Pittsburgh,  PA  15236,  or  tele- 
phone him  at  (412)  675-6825. 


*Term  "dusthog"  is  used  in  the  generic  sense. 


Technology  News 

From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 
Delay  Blasting  in  Underground  Coal  Mines 


No.  269 


Objective 


Determine  whether  the  total 
delay  time  in  blasting  may  be 
safely  increased  beyond  the  cur- 
rently permitted  0.5  s,  without  ig- 
niting a  methane  or  methane- 
coal  dust  atmosphere  and  deter- 
mine the  minimum  borehole 
spacing  to  avoid  misfires. 


Approach 

At  present,  regulations  limit  the 
delay  time  used  in  short-delay 
blasting  to  a  total  of  0.5  s.  Many 
in  industry  and  government 
would  like  to  see  this  total  delay 


time  increased  to  1  s  to  permit 
an  increase  in  the  number  of  dif- 
ferent delays  available  for  short 
delay  blasting  and  an  increase  in 
the  time  between  delay  periods. 
The  Bureau  of  Mines  conducted 
research  to  determine  whether 
the  total  elapsed  delay  time  for 
blasting  coal  in  underground 
mines  could  be  safely  expanded, 
with  resulting  improvements  in 
productivity.  The  research  was 
conducted  at  a  surface  mine  in 
St.  Clairsville,  Ohio.  Experimen- 
tal shots  were  conducted  in 
several  pits,  each  of  which  had 
a  5-foot-high  coal  seam  (Pitts- 
burg No.  8)  in  a  50-foot  highwall. 
The  coal  seam  and  a  mobile 


Planned  ignition  of  incendivity  test  gallery  in  a  shot  against  the  highwall 
face.  Ignition  was  caused  by  loading  the  first  hole  beyond  the  collar 
without  stemming. 


gallery  provided  a  good  simula- 
tion of  an  underground  coal  face. 
The  Bureau  also  examined 
the  relationship  between 
borehole  spacing  and  misfires, 
to  check  on  reports  over  the  past 
few  years  that  permissible  ex- 
plosives frequently  misfire. 
These  reports  were  not  well 
documented,  but  were  numer- 
ous enough  to  warrant  investiga- 
tion. Misfires  of  permissible  ex- 
plosives in  an  underground  coal 
mine  can  be  very  hazardous;  a 
burning  cartridge  of  explosive 
may  be  ejected  from  a  borehole 
and  ignite  the  gas  or  dust  in  the 
mine,  or  a  misfired  cartridge  in 
the  muck  pile  may  detonate  dur- 
ing drilling  and  mucking  opera- 
tions, causing  serious  injuries. 

Test  Conducted  and 
Results 

To  determine  whether  total  delay 
time  could  be  increased  safely. 
a  slab-round  pattern  of  1 2  holes 
was  drilled  in  the  coal  seam.  The 
holes  were  loaded  with  3  lbs  of 
permissible  explosive,  primed 
with  commercial  delay  deto- 
nators, and  stemmed  with  2  feet 
of  clay.  Total  delays  of  1 .  2.  and 
5.5  s  were  studied.  To  simulate 
a  flammable  mine  atmosphere. 
a  steel  gallery  20  feet  square  and 
6  feet  high  was  placed  against 
the  face.  The  gallery  was  filled 
with  9  percent  methane-air  mix- 
ture in  preparation  for  each  shot. 
Ignition  of  the  flammable  gallery 
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Layout  of  the  12-hole,  slab-round  shot  pattern  used  in  delay  blasting 
research. 


atmosphere  would  produce  a 
bright  orange  fireball. 

For  16  shots  with  total  delay 
of  1  s,  no  ignitions  of  the  flam- 
mable gallery  atmosphere  was 
observed.  Two  shots  with  total 
delays  of  2  s  and  3  shots  with 
total  delays  of  5.5  also  yielded  no 
ignitions.  Based  on  these 
results,  the  Bureau  of  Mines  has 
recommended  that  the  total 
delay  time  permitted  for  short- 
delay  blasting  in  underground 
coal  mines  be  increased  to  1  s. 

To  examine  the  relationship 
between  hole  spacing  and  mis- 


fires, patterns  of  3  holes  were 
drilled  in  horizontal  or  vertical 
rows  at  spacings  of  18  or  24  in- 
ches. The  holes  were  loaded 
with  3  lbs  of  permissible  ex- 
plosive and  primed  with  a  25-ms 
delay  detonator  in  the  center 
hole  and  100-ms  delay 
detonators  in  each  of  the  two 
outer  holes.  The  holes  were 
stemmed  with  2  feet  of  clay. 
Following  each  shot  the  muck 
pile  was  inspected  for  any 
evidence  of  misfires. 

In  the  study,  misfires  occurred 
with  a  frequency  of  approxi- 


mately 50  percent  for  a  variety  of 
permissible  explosives  in  17 
shots  at  18-inch  hole  spacing.  At 
24-inch  spacing,  the  misfire  fre- 
quency dropped  significantly. 
Based  on  these  results  the 
Bureau  of  Mines  has  recom- 
mended that  borehole  spacings 
of  less  than  24  inches  shouid  not 
be  permitted  for  delay  blasting  in 
underground  coal  mines. 

For  More  Information 

Bureau  of  Mines  Information  Cir- 
cular (IC)  9064  entitled,  "Short- 
Delay  Blasting  in  Underground 
Coal  Mines"  contains  additional 
details  about  the  Bureau's  delay 
blasting  research.  A  single  copy 
of  this  report  may  be  obtained 
free  from  the: 

Bureau  of  Mines 
Publications  Distribution 

Section 
P.O.  Box  18070 
Cochrans  Mill  Road 
Pittsburgh,  PA  15236 

For  answers  to  technical 
questions,  please  contact  the 
principal  investigator  for  this 
research,  Mr.  Richard  Mainiero, 
at  the  Bureau's  Pittsburgh 
Research  Center,  using  the 
same  street  and  post  office  box 
address  above.  Telephone  (412) 
675-6636. 


Soil  Conservation  Service 

U.S.  Department  of  Agriculture 


Computer 
Software 


Urban  Hydrology  Model  for  Small  Watersheds 

A  new  microcomputer  based  program  calculates  water  runoff. 


The  program  provides  simplified 
procedures  to  calculate  storm  runoff 
volume,  peak  rates  of  discharge,  and 
storage  volumes  required  for  stormwater 
detention  basins.  These  procedures  are 
applicable  in  small  watersheds,  espe- 
cially urbanizing  watersheds.  The 
program  provides  for  hydrologic  analysis 
of  a  watershed  under  various  combin- 
ations of  land  uses  using  single-event 
storm  rainfall  frequency  data.  It  can 
accommodate  division  of  the  watershed 
into  subareas  and  will  estimate  indi- 
vidual subareas  as  well  as  total  area  peak 
rates  of  runoff. 

The  SCS  TR-55  program  runs  on  IBM 
compatible  microcomputers  with  MS- 
DOS  (2.1)  capabUities  and  256  K  storage. 
It  was  prepared  by  the  Engineering 


Division  of  the  Soil  Conservation  Service. 

For  Additional  Information: 

The  software  is  contained  on  5  1  /4  -inch 
diskette,  double  sided,  double  density 
compatible  with  the  Telex  PC 
microcomputer.  Diskettes  are  in  the 
ASCII  format. 

For  information  about  ordering  this 
software,  contact  the 
NTIS  Computer  Products  Center, 
NTIS,  5285  Port  Royal  Road, 
Springfield,  VA  22161;  (703)  487-4763. 

Refer  to  Urban  Hydrology  for  Small 
Watersheds,  2nd  Edition, 
Microcomputer  Version  1.11, 
Executable  Modules  Only  (Technical 
Release  Number  55)  Model,  number 
PB87-101598/TN 
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Institute  for  Telecomiminication  Sciences       c®™Iuter 
Department  of  Commerce 


Ionospheric  Communications  Analysis  and 
Program  (IONCAP) 


The  computer  program  is  an  integrated 
system  of  subroutines  designed  to 
predict  high-frequency  (HF)  skywave 
system  performance  and  analyze 
ionospheric  parameters.  These 
computer-aided  predictions  may  be 
used  in  the  planning  and  operation  of 
high-frequency  communication  system 
using  skywaves.  The  product  consists  of 
an  execution  module  (IONCl.EXE)  with 
14  Data  Files;  12  Binary  data  files  (1  for 
each  month  of  the  year);  1  ASCII  file 
(controls  the  execution  flow);  1  ASCII 
output  file  (contains  the  results  of  the 
computation  and  may  be  routed  to  a 
printer). 

The  program  is  written  in  the 
FORTRAN  programming  language  for 
implementation  on  an  IBM  PC-AT 
micro-computer  using  the  DOS 
operating  system.  Memory  requirement 
is  51 2K.  It  was  prepared  by  F.G. 
Stewart  of  the  Inst,  for 
Telecommunication  Sciences,  National 
Telecommunications  and  Information 
Administration,  Boulder,  CO. 

For  Additional  Information: 

The  software  is  contained  on  51/4-inch 
diskette,  double  sided,  double  density 
compatible  with  the  IBM-PC-AT 
microcomputer.  Diskettes  are  in  the 
ASCII  format. 

For  information  about  ordering  this 

software,  contact  the 
NTIS  Computer  Products  Center, 
NTIS,  5285  Port  Royal  Road, 
Springfield,  VA  22161;  (703)  487-4763. 

Refer  to  PB87-111126/ 
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Compact,  Portable  Generator  Passes  Test  for 
Sounding  Earth's  Crust 

An  engineering  test  of  a  new  compact,  portable,  electromagnetic  generator 
that  will  be  useful  in  "exploring"  the  earth's  crust  to  depths  of  10  to  20 
kilometers  has  been  conducted  near  Cajon  Pass  in  Southern  California. 

The  device,  a  magnetohydrodynamic  (MHD)  generator  that  produces  very 
strong  current  pulses,  and  the  technique  in  which  it  is  employed  were  developed 
and  tested  by  a  collaboration  of  scientists  from  Lawrence  Rerkeley  Laboratory, 
the  University  of  California,  Berkeley,  and  STD  Research  Corporation  of 
Monrovia,  Calif. 

The  tests,  conducted  in  a  desert  area  northeast  of  Los  Angeles,  were  the 
first  ever  in  the  United  States,  according  to  Frank  Morrison,  an  LRL  investigator 
and  professor  in  the  Engineering  Geoscience  Group  at  the  University.  Morrison, 
who  supervised  the  electromagnetic  sounding  observations,  said  their  success 
indicates  that  the  technique  "could  become  an  important  complement  to  present 
seismic  reflection  geophysics  and  exploratory  drilling  to  map  the  structure 
of  the  earth's  crust  and  assist  in  the  search  for  energy  resources." 

The  MHD  generator,  designed  and  built  under  the  direction  of  Sterge 
Demetriades  and  Craig  Maxwell  of  STD,  is  a  lightweight  power  generator  that 
is  totally  self-contained,  designed  for  transport  on  a  30-foot  trailer,  and 
is  easily  maneuverable. 

It  is  described  as  a  small  solid-fuel  hybrid  rocket  motor  that  can  he 
pulsed  (turned  on  and  off)  rapidly,  producing  short  bursts  of  an  ionized 
(electrically  charged)  gas  that  expand  at  supersonic  velocities  through  a 
magnetic  field.  The  ionized  plasma  generates  a  current  in  the  wall  of  the 
duct  through  which  the  plasma  passes.  While  current  pulses  of  up  to  100,000 
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amperes  are  possible,  three-second  pulses  of  10,000  amperes  were  generated 
in  the  Cajon  Pass  experiment. 

It  is  the  portability  and  compactness,  combined  with  its  ability  to  produce 
up  to  100  megawatts  of  power  and  currents  of  up  to  100,000  amperes  per  cubic 
meter  of  generator  volume,  that  make  the  MHD  generator  the  key  to  the  success 
of  the  technique,  according  to  William  Jackson  of  HMJ  Corporation,  Chevy  Chase, 
Md.,  an  engineering  consulting  firm  associated  with  the  experiment. 

The  current  is  fed  to  a  loop  of  wire  laid  out  on  the  ground,  creating 
a  strong  magnetic  field.  When  the  current  to  the  loop  is  interrupted,  currents 
are  induced  in  the  conductive  earth  beneath  the  loop  and  these  currents  decay 
quickly  to  zero.  The  rate  and  shape  of  the  transient  magnetic  field  associated 
with  the  current  decay  are  detected  by  very  sensitive  magnetometers  and  provide 
information  on  the  conductivity  distribution  beneath  the  loop. 

"If  enough  such  measurements  are  made,  the  conductivities  can  be  translated 
by  computers  into  'pictures'  of  rock  structures  to  depths  of  10  to  20  kilometers," 
says  Morrison. 

"It  is  the  very  strong  pulses  produced  by  the  MHO  that  enable  us  to  reduce 

the  diameter  of  the  loop  antenna  to  an  easily  manageable  size  of  100  to  200 

meters  --  the  diameter  of  the  loop  we  used  near  Cajon  Pass.  Loops  with  diameters 

of  a  kilometer  or  more  have  been  used  with  conventional  power  sources,  but 

such  enormous  loops  are  troublesome,  or  in  some  terrains  impossible,  to  handle." 

FOR  ADDITIONAL  INFORMATION: 

Public  Information  Dept. 

Lawrence  Berkeley  Laboratory 

Department  of  Energy 

1   Cyclotron  Road,  Berkeley,  CA  94702 

Refer  to:  MHD-12/8/86/TN 
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Underground  Imaging  Using  Electromagnetic 
Tomography 

This  technical  note  summarizes  a  project  achievement  selected  from  the  U.S. 
Department  of  Energy  1985  Basic  Energy  Sciences  Program 


DOE/TIC/EG-86/132 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


US 


Lawrence  Livermore 
National  Laboratory 


A  new  geophysical  technique  has  been 
used  to  map  the  flow  paths  of  water  in 
fractured  rock.  The  method,  called  Alterant 
Geophysical  Tomography  (AGT).  involves 
the  use  of  chemical  tracers,  such  as  a 
highly  concentrated  sodium  chloride  so- 
lution, to  change  the  electrical  properties 
of  fluids  flowing  through  permeable  frac- 
tures. Sources  of  electromagnetic  radia- 
tion are  introduced  into  boreholes  and 
detectors  strategically  placed  at  various  lo- 
cations on  the  surface.  The  absorption  of 
electromagnetic  radiation  between  the 
sources  and  detectors  is  measured  at  var- 
ious times  (before,  during,  and  after  the 
introduction  of  the  tracer).  Spatial  varia- 
tions of  the  absorption  can  then  be  used 
to  construct  a  three-dimensional  map  lo- 
cating the  positions  where  the  tracer  af- 
fected the  absorption;  the  methodology  is 
related  to  that  used  in  medical  tomog- 
raphy Changes  in  the  absorption  caused 
by  the  tracer  are  determined  by  subtract- 
ing an  image  representative  of  baseline 


conditions  from  an  image  obtained  after 
the  tracer  is  used.  This  method  has  been 
used  successfully  in  a  granitic  rock  mass 
to  map  the  flow  paths  followed  by  the 
tracers. 

Several  techniques  are  available  to  the 
geophysicist  and  geologist  for  in  situ  study 
of  water  flow  through  a  rock  mass.  How- 
ever, until  recently  none  of  these  tech- 
niques has  been  able  to  yield  high  spatial 
resolution  maps  of  groundwater  flow  and 
differentiate  between  effective  and  total  po- 
rosity AGT  has  been  shown  to  do  both 
Therefore  this  technique  can  be  used  to 
map  open  fractures  in  rock,  to  distinguish 
between  dynamic  and  static  water  pools. 
and  to  delineate  the  principal  paths  taken 
by  water  injected  into  fractured  rock  sys- 
tems. Geotomography  should  be  able  to 
provide  detailed  information  on  those 
types  of  geophysical  fracture  problems 
which  can  be  obtained  by  no  other  means. 
(Lawrence  Livermore  National  Laboratory. 
R.  Lytle) 


FOR  ADDITIONAL 
INFORMATION 


For  additional  information,  contact 
R  Lytle 

Lawrence  Livermore  National  Laboratory 
P.O  Box  808 
Livermore.  CA  94550 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Measuring  Atmospheric 
Turbulence  With  Lidar 

Laser  Doppler 
measurements  promise  to 
give  reliably  accurate 
indications  of  wind  speed 
and  turbulence. 

A  report  compares  two  kinds  of 
measurements  of  wind  and  turbulence: 
those  from  instruments  aboard  an  air- 
craft and  those  from  ground-based  Dop- 
pler measurements  by  laser  ranging 
equipment  (lidar).  The  data  on  wind  fields, 
turbulence  Intensities,  and  turbulence 
spectra  from  the  two  sources  agreed  well 
The  report  concludes  that  lidar  is  potential- 
ly a  reliable  and  accurate  instrument  for 
sensing  atmospheric  turbulence  remotely. 

The  lidar  was  a  variably-pulsed  carbon 
dioxide  laser  system.  During  this  study, 
the  pulse  intervals  were  2  us  long.  The 
lidar  measured  the  radial  wind  velocities 
in  each  of  a  succession  of  300-m-long 
conical  frusta  defined  by  the  diverging 
lidar  beam  and  the  succession  of  pulse 
intervals. 

The  aircraft  was  flown  in  circular  paths 
to  capture  the  lidar  beam  during  a  conical 


scan.  The  lidar  aim  was  then  fixed  at  6° 
above  the  horizon  and  the  aircraft  flown 
along  a  4  °  glide  slope.  The  aircraft  meas- 
urements were  converted  to  radial  wind- 
gust  velocities  in  300-rm  intervals  corre- 
sponding to  the  lidar  range  intervals. 

Turbulence  intensities  and  spectra 
were  calculated  from  the  fluctuations  in 
the  radial  component  (the  component 
along  the  lidar  beam)  of  wind  velocity  with 
time.  Attempts  to  measure  turbulence  in- 
tensities directly  by  lidar  from  the  second 
moment  or  Doppler-frequency  spectral 
width  were  disappointing.  The  second 
moment  could  be  resolved  only  at  very 
low  altitudes.  Moreover,  turbulence  inten- 
sities estimated  from  the  spectral-width 
data  were  an  order  of  magnitude  higher 
than  values  measured  from  the  aircraft. 

An  interesting  boundary-layer  condi- 
tion occurred  during  the  measurements: 


Winds  blew  in  one  direction  above  600  m 
above  mean  sea  level  and  in  the  opposite 
direction  below  this  altitude.  Both  the  air- 
craft and  the  lidar  measurements  clearly 
identified  the  condition  and  showed  iden- 
tical trends,  giving  added  credence  to  the 
remote-sensing  possibilities  of  lidar. 

This  work  was  done  by  Walter  Frost 
and  H.  B.  Kuang  of  FWG  Associates,  Inc., 
for  Marshall  Space  Flight  Center. 
Futher  information  may  be  found  in  NASA 
CR- 1 70976  [N84- 1 7574/NSP],  ' 'Doppler 
Lidar  Signal  and  Turbulence  Study. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A04] 
MFS-27058  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Physical  Sciences 


500  Data  on  Host  Materials  lor  Lasers—  Key  parameters  are  culled  from  the 
literature  and  tabulated. 

501  Combustion  in  Very-High-Burning-Rate  Propellants —  Various 
formulations  are  studied  in  closed  chambers  and  in  transparent 
chambers. 

502  JANAF  Thermochemical  Tables —  Now  tables  are  available  as  a  printed 
supplement  or  computer-readable  database. 

503  Computerized  Database  From  AlChE/DIPPR  Standard  Reference 
Source  on  Pure  Chemical  Compounds 

504  "Noiseless"  Data-Compression  Algorithm —  Gamma-ray  spectrometer 
data  are  compressed  to  enable  more  frequent  sampling. 

505  Star- Viewing  Scheduler—  A  strategy  and  an  algorithm  produce  a  well- 
balanced  timeable  that  accommodates  many  constraints.  (Licensing 
Opportunity) 

Software 

506  Microcomputer  Fortran  Programs  Calculate  Fluid  Properties 

507  DASSL,  A  Differential/Algebraic  System  Solver 

508  SOLGASMIX-PV,  Equilibria  in  Chemical  Systems 

509  Software  Package  Calculates  Aerosol  Composition 

510  Updated  Thermal-Radiation  Program —  Used  with  other  thermal-analysis 
programs,  this  program  calculates  the  radiation  components. 

Testing  &  Instrumentation 

51 1  Chrornatopyrography/Mass-Spectrometry  of  Vulcanizates — 
Components  are  identified  in  a  relatively  simple  technique. 

51 2  Supercritical  Fluid  Chromatography  for  High  Molecular  Weight  Organic 
Analysis 

513  Studying  Transonic  Gases  With  a  Hydraulic  Analog —  A  water  table  has 
been  adapted  to  gas  dynamics. 

Other  items  of  interest 

482       Chemical  Characterization  of  Phenol/Formaldehyde  Resins —  Analytical 

procedures  characterize  resin  composition  and  behavior  before  and 

during  use.  (Licensing  Opportunity) 
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Data  on  Host  Materials  for  Lasers 

Key  parameters  are  culled  from 
the  literature  and  tabulated. 


A  report  presents  tables  on  1 2  host  materials 
(see  table)  for  lasers  that  use  transition  metal  ions 
of  the  ndN  electronic  configuration.  The  tables  in- 
clude crystallographic  data,  x-ray  data,  lattice-sum 
parameters,  crystal-field  parameters,  and  spin- 
orbit  constants.  Also  included  is  a  table  of  phenom- 
enological  parameters  for  free  ions.  (For  some  host 
materials,  only  x-ray  data  are  available.) 

The  report,  prepared  by  Harry  Diamond  Labora- 
tories, provides  a  list  of  references  to  experimental 
and  theoretical  work.  Although  the  lists  are  not  ex- 
haustive in  every  case,  they  will  be  continually  up- 
dated as  new  work  is  reported  and  older  refer- 
ences are  found. 

Many  of  the  fluorinated  host  materials  were  se- 
lected from  lists,  including  a  list  of  fluorinated  gar- 
nets, supplied  by  workers  at  the  Massachusetts  In- 
stitute of  Technology.  Several  of  the  host  materials 
were  selected  because  lasers  had  been  reported 
that  used  3dN  ions  as  impurities  in  the  hosts.  These 
host  materials,  with  limited  numbers  of  experimen- 
tal energy  levels,  were  reported  in  the  early  1960's. 
Further  work  has  been  done  on  some  of  them. 

Unfortunately,  much  of  the  reported  data  on 
these  earlier  materials  have  been  taken  at  room 
temperature  and  are  unreliable  because  of  vibron- 
ics  and  absorption  from  excited  levels.  Further 
complications  arise  when  the  data  are  extracted 
from  the  excitation  spectra.  Consequently  there  is 
a  real  need  for  data  on  low-temperature  absorption 
spectra  of  many  of  these  ions. 


Y3A]50,2(YAG) 

K2NaAJF6 

Na3AI2Li3Fl2  Cryolithionite 

Cs2TiF6 

NH4AI(S04)2 

MgF2 

MnF2 

ZnF2 

MgO 

BejAl^SiO^ 

Na3Li'3Sc2F,2 

Na3Li3ln2F12 


Tables  of  Data  for  these  host  materials  are  in  the 
report.  A  table  of  data  on  free  ions  of  scandium,  titanium 
chromium,  vanadium,  manganese,  iron,  and  cobalt  is  al- 
so included. 


FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  by  ordenng  the  NTIS  reporrfs/ 
Host  Materials  lor  Transition  Metal  Ions  with  the  ndN  Electronic 
Configuration. 

Order  number  ADA161782/NAA 
Price  code  A02 

Order  from 

National  Technical  Information  Service 
5285  Pod  Royal  Road 
Spnngtield.  VA  221& 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights. 
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Combustion  in  Very-High-Burning-Rate  PropeHants 


Various  formulations  are  studied  in  closed 
chambers  and  in  transparent  chambers. 


Combustion  studies  have  been  carried  out  on 
very-high-burning-rate  (VHBR)  propellants  to  deter- 
mine the  formulation  parameters  that  control  burn- 
ing characteristics.  In  the  studies,  done  by  the  U.S. 
Army  Ballistic  Research  Laboratory,  such  formula- 
tion parameters  as  type  of  fuel,  oxidizer,  type  and 
percent  of  binder,  oxidizer/binder  ratio,  and  percent 
of  theoretical  maximum  density  were  varied. 

Tests  were  done  in  a  closed  combustion  cham- 
ber (see  figure).  Additional  tests  were  done  in  a 
transparent  bomb  with  high-speed  cinematogra- 
phy and  time-correlated  pressure  measurements. 
The  transparent-chamber  results  confirm  and  help 
to  explain  some  of  the  closed-chamber  results  and 
add  insight  into  the  VHBR  combustion  mechanism. 

The  following  picture  emerged  for  the  formula- 
tions investigated: 

•  The  first  phase  of  combustion  is  a  relatively  slow 
burning  that  proceeds  through  the  sample. 

•  The  original  form  of  the  sample  remains,  although 
the  residue  is  porous  and  is  filled  with  hot  com- 
bustion products. 

•  Depending  on  the  composition,  percent  theoreti- 
cal density,  and  sample  confinement;  a  transition 
to  very  rapid  combustion  takes  place  throughout 
the  sample,  accompanied  by  deconsolidation. 
Under  some  conditions  of  composition  or  con- 
finement, however,  this  second  phase  does  not 
occur. 

•The  transition  pressure  and  the  velocity  of  the 
second  phase  vary  with  the  formulation 
parameters. 

Project  officer  Kevin  J.  White 

(301)  671-3089  or  AV  283-3089. 


SAMPLE    SLEEVE    (1 .278  mm  WALL) 

PRESSURE    TRANSDUCER 
IGNITER 


PROPELLANT 
SAMPLE 


— *i  58.7  mm  \*— 


In  a  Closed  Combustion  Chamber,  a  sample  is  ignited 
with  an  electronic  match.  A  steel  sleeve  holds  the  sam- 
ple and  confines  it  while  it  burns.  The  chamber  volume  is 
54.5  cm3. 

FOR  ADDITIONAL  INFORMATION; 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s). 
Closed  Chamber  Burning  Characteristics  of  New  VHBR  Formulations. 
Order  number:  AD-A161250/NAA 
Price  code  A03 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


JANAF  Thermochemical  Tables 

Now  tables  are  available  as  a  printed  supplement  or  computer- 
readable  database. 

The  Commerce  Department's  National  Bureau  of  Standards 
(NBS),  has  published  the  third  edition  of  the  (Joint-Army-Navy- 
Air  Force)  JANAF  Thermochemical  Tables.       The  JANAF  tables 
provide  scientists  in  government,   industry,  and  universities  with 
imporiant  information  on  rhe  performance  of  materials  at  high 
temperatures. 

The  thermochemical  data  in  the  JANAF  tables  have  technical 
application  in  performance  calculations  for   chemical  reactors 
such  as  rocket  engines,  air  pollution  control  equipment,  auto- 
motive internal  combustion  engines,  coal  gasifiers  and  furnaces, 
fuel  cells,  liquefaction  reactors  and  their  catalyst  structures, 
and  magnetohydrodynamic  generators.     The  information  also  can 
be  used  by  engineers  in  the  design  of  chemical  plants. 

The  JANAF  tables  project  was  established  in  late  1959  at  the 
Dow  Chemical  Thermal  Research  Laboratory  (Midland,  Mich.) 
as  a  way  to  compile  and  publish  consistent  tables  of  thermody- 
namic    data  required  for  rocket  propellent  performance  calcu- 
lations by  industry  and  Department  of  Defense  agencies.     To- 
day the  database  is  located  in  the  NBS  Chemical  Thermodyna- 
mics Data  Center  and  contains  critically  evaluated  data  on  the 
thermodynamic  properties  of  approximately  1,800  substances. 
It  includes  all  evaluated  data  done  under  the  program  through 
October  1985. 

The  database  includes  recommended  temperature-dependent 
values  for  the  thermodynamic  properties  of  inorganic  substances 
and  for  organic  substances  containing  only  one  or  two  carbon 
atoms.     These  tables  cover  the  thermodynamic  properties  of 
materials  over  a  wide  temperature  range  (0  to  6000  kelvin) 
with  single  phase  and  multiphase  tables  for  crystal,  liquid,   and 
ideal  gas  state.     The  properties  tabulated  are  heat  capacity, 
entropy,  Gibbs  energy  function,  enthalpy  of  formation,   Gibbs 
energy  of  formation,  and  the  logarithm  of  the  equilibrium  con- 
stant for  formation  of  each  compound  from  the  elements  in  their 
standard  reference  states.     All  values  are  given  in  SI  units  and 
are  for  a  standard  state  pressure  of   100,000  pascal  (1   bar). 

The  JANAF  Thermochemical  Tables  also  are  available  in  a 
computer-readable  format  which  will  be  updated  each  year  as 
new  information  becomes  available. 
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FOR  ADDITIONAL  INFORMATION:     The  JANAF  Thermochemical  Tables 
are  published  as  Supplement  No.   1   to  Volume  14  of  the  Journal  of  Physical 
and  Chemical  Reference  Data  (1985).      The  journal  and  its  supplements  are 
published  under  a  cooperative  agreement  among  NBS,  the  American  In- 
stitute of  Physics,  and  the  American  Chemical  Society.     The  two-volume 
set  is  available  for  $130  prepaid  from  the  American  Chemical  Society,   1155 
Sixteenth  Street,  N.W.,  Washington,  D.  C.     20036. 

The  computer-readable  database,  The  JANAF  Thermochemical  Tables  (1985), 
NBS  Standard  Reference  Database  13,  is  available  for  $1,200  from  the  Office 
of  Standard  Reference  Data,  A323  Physics  Building,  National  Bureau  of 
Standards,  Gaithersburg,  MD     20899;  (301)  975-2208. 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Computerized  Database  From  AlChE/DIPPR 
Standard  Reference  Source  on  Pure  Chemical 
Compounds 

Chemical  manufacturers,  engineers  who  design  plants, 

chemical  processes,  and  new  products,  as  well  as  scientists  in 

industry,  government,  and  universities,  will  be  interested  in  a 

new  computerized  standard  reference  database  on  the  thermodynamic 

and  physical  properties  of  chemicals  that  is  available  from  the 

Commerce  Department's  National  Bureau  of  Standards  (NBS). 

The  new  computerized  database,  which  provides  users  with 
quick  access  to  important  information  on  the  behavior  of 
substances  and  their  reactions  under  various  pressures  and 
temperatures,  was  produced  under  an  agreement  between  NBS  and  the 
American  Institute  of  Chemical  Engineers  (AIChE). 

The  database,  DIPPR  (Design  Institute  for  Physical  Property 
Data),  Data  Compilation  of  Pure  Compound  Properties,  1986, 
contains  information  on  39  properties  for  346  chemical  compounds 
of  high  industrial  priority.   These  chemicals  were  selected  by 
the  industry  members  of  AIChE' s  DIPPR  group,  a  cooperative 
organization  of  chemical  manufacturers  and  related  companies. 
The  chemicals  in  the  database  are  considered  to  be  the  most 
important  ones  to  users,  based  on  their  volume  of  production  and 
other  economic  factors. 

Information  is  provided  on  the  thermodynamic,  physical,  and 
transport  properties  of  each  chemical.   And  for  each  compound 
included,  values  are  given  for  26  single-valued  property 
constants  and  for  13  properties  as  functions  of  temperature, 
calculated  from  correlation  coefficients. 

The  database,  which  is  interactive  or  "conversational"  for 
users,  also  includes  estimates  of  the  accuracy  of  each  property 
value  and  provides  references  to  the  sources  of  measured  or 
predicted  data  that  were  used  in  selecting  the  recommended 
values. 

NBS  program  manager  Dr.  Howard  J.  White  Jr.  of  the  Office  of 
Standard  Reference  Data  (OSRD),  says,  "The  DIPPR  database 
contains  extensive  codes  of  reliability.   All  of  the  estimated 
values  are  identified,  and  there  are  no  properties  left  out  for 
any  of  the  substances." 
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He  also  points  out  that  the  database  format  is  designed  to 
be  expanded  when  new  information  becomes  available  from  DIPPR. 
It  is  anticipated  that  the  computerized  standard  reference 
database  eventually  will  contain  evaluated  data  on  more  than 
1,000  compounds. 

The  new  computerized  database  was  automated  by  OSRD  from 
AIChE's  1985  resource  book,  Data  Compilation:   Tables  of 
Properties  of  Pure  Compounds.   This  printed  database  was  prepared 
for  DIPPR  by  Drs.  Thomas  E.  Daubert  and  Ronald  P.  Danner  of 
Pennsylvania  State  University. 

The  printed  reference  is  one  of  several  cooperative  projects 
on  evaluated  standard  data  to  be  sponsored  by  industry  through 
DIPPR.   NBS  has  provided  technical  support  to  the  industrial 
group  since  it  was  established  by  AIChE  in  1978,  particularly  in 
the  area  of  computerized  information. 

For  Additional  Information:    NBS  Standard  Reference  Database  11,  DIPPR,  Data 
Compilation  of  Pure  Compound  Properties,  1986,  is  one  of  11  databases  in 
magnetic  tape  form  that  are  available  from  OSRD  for  lease  to  individuals, 
distributors,  or  subscription  search  services.    For  information  on  fees  and  lease 
agreements  for  DIPPR,  or  for  a  list  of  the  other  computerized  standard 
reference  databases  available  from  NBS,  contact:    Office  of  Standard  Reference 
Data,  A323  Physics  Building,  National  Bureau  of  Standards,  Gaithersburg,  MD 
20899;  (301)  975-2208. 


NASATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


"Noiseless" 

Data-Compression 

Algorithm 

Gamma-ray  spectrometer 
data  are  compressed 
to  enable  more  frequent 
sampling. 


A  proposed  data-compression  algo- 
rithm will  efficiently  represent  gamma-ray 
spectrometer  spectra  at  any  spectrum  col- 
lection interval  from  5  seconds  to  5 
minutes.  The  data  representation  is  "noise- 
less" (data  can  be  exactly  reconstructed). 
Depending  on  the  spectrum  interval,  com- 
pression factors  of  from  2.5:1  to  20:1  com- 
pared to  a  standard  spectrum  representa- 
tion were  demonstrated  (see  figure).  The 
techniques  would  be  useful  in  designing 
data-compression  algorithms  for  other 
spectral  instruments,  which  have  varying 
data-rate  requirements. 

For  the  gamma-ray  case,  the  raw  spec- 
tra are  8,192-bin  histograms  in  which  the 
expected  number  of  counts  per  bin  de- 
creases by  a  factor  of  1,000  in  going  from 
the  low  to  the  high  energy  end  of  the  distri- 
bution. Additionally,  varying  the  collection 
interval  could  change  the  expected  num- 
ber of  counts  in  all  the  bins  by  as  much  as  a 
factor  of  60. 

The  proposed  approach  applies  adap- 
tive variable-length  coding  techniques  to 
large  blocks  of  energy  bins.  The  algorithms 
automatically  adapt  to  changes  in  block 
statistics  resulting  from  the  position  in  the 
overall  spectrum  or  changes  in  the  collec- 
tion interval.  Only  the  general  shape  of  the 
spectrum  is  needed  as  a  priori  knowledge. 
Test  results  demonstrated  performance 
close  to  a  theoretic  minimum  for  a  coder 
that  incorporated  separate  coders  for 


120  180 

Spectrum-Update  Interval,  t,  s 

The  Data-Compression  Factor  achievable  with  one  version  of  the  proposed  data- 
compression  algorithm  decreases  asymptotically  with  the  spectrum-update  interval. 


each  energy  bin  (optimally  designed  from 
known  Poisson  distributions). 

Under  one  set  of  assumed  conditions, 
the  transmission  of  a  spectrum  every  30 
seconds  would  require  2,500  bits/s,  using 
the  standard  representation,  whereas  the 
compression  algorithm  would  enable  the 
transmission  of  a  spectrum  every  10 
seconds,  using  only  500  bits/s.  The  com- 
pression factor  representing  the  shorten- 
ing of  the  sampling  interval  is  plotted  in  the 
figure  as  a  function  of  the  data  rate. 

An  experimental  encoder  using  this 
scheme  was  built  with  an  8086  microproc- 
essor, 1  Kbyte  of  memory  for  instructions, 


and  1  Kbyte  of  memory  for  internal  buffers. 
The  associated  decoder  was  only  about 
half  as  complex.  The  throughput  capability 
of  this  system  was  about  20  Kbits/s. 

This  work  was  done  by  Robert  F.  Rice 
and  JunJi  Lee  of  Caitech  for  NASA's  Jet 
Propulsion  Laboratory.  Further  informa- 
tion may  be  found  in  NASA  CR-1 76201 
[N 85-3521 9/NSP],  ''Noiseless  Coding  for 
the  Gamma-Ray  Spectrometer. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia    22161,  [A03] 
NPO-16712  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PO   Box  8757.  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Star-Viewing  Scheduler 

A  strategy  and  an  algorithm 
produce  a  well-balanced 
timetable  that 
accommodates  many 
constraints. 


A  strategy  for  scheduling  star  observa- 
tions on  Space  Shuttle  astronomy  mis- 
sions ensures  the  best  use  of  the  three 
future  ultraviolet  telescopes.  The 
strategy,  which  is  described  in  a  report, 
takes  into  account  such  diverse  factors 
as  maneuvers  of  the  Space  Shuttle  or- 
biter,  interference  by  the  Moon,  occulta- 
tion  by  the  Earth,  reflections,  unstaffed 
periods  during  crew  rotation,  encounters 
with  the  South  Atlantic  anomaly,  and 
obscuration  during  the  dispersal  of 
ejected  water. 

On  the  basis  of  these  factors,  the 
strategy  determines  observation  intervals 
that  are  fed  to  an  algorithm,  ASTRON. 
The  algorithm  determines  which  of  the 
more  than  200  candidate  targets  will  be 
viewed  during  each  of  the  intervals  and 
arranges  them  in  an  observation  se- 
quence. ASTRON  determines  the  obser- 
vation schedule  well  in  advance  of  a  mis- 
sion. It  takes  only  10  minutes  of  computer 
time  to  produce  a  schedule  that  is  op- 
timized, efficient,  error-free,  and  well 
balanced. 

The  algorithm  incorporates  five 
criteria,  each  with  a  weighting  factor 


chosen  by  the  user:  (1)  the  duration  of  the 
specific  target  interval,  (2)  the  total  re- 
quested observation  time,  (3)  the  total 
duration  of  all  intervals  for  the  particular 
target  remaining  until  the  end  of  the  mis- 
sion, (4)  the  telescope  sluing  time,  and  (5) 
the  target  priority.  In  addition  to  the  time 
for  moving  the  telescope  to  a  target,  the 
sluing  time  includes  the  time  for  instru- 
ment settling,  acquiring  the  guide  star, 
and  waiting  for  the  target  to  rise. 

The  algorithm  uses  a  "Cinderella" 
logic  loop  to  take  advantage  of  the  best 
viewing  conditions,  which  occur  during 
orbital  night.  The  loop  forces  night  obser- 
vations to  begin  at  Sunset,  thereby  keep- 
ing the  relatively  large  maneuvers  be- 
tween day  and  night  targets  completely  in 
orbital  day.  This  results  in  high  nighttime 
efficiency  and  prevents  lower  priority 
observations  from  migrating  at  random 
into  orbital  night. 

Thresholds  related  to  instrument  sen- 
sitivity and  observation-program  re- 
quirements are  taken  into  account.  For 
example,  the  instruments  require  at  least 
500  seconds  to  obtain  usable  data.  All 
candidate  targets  are  therefore  screened 


to  ensure  that  they  are  available  for  this 
minimum  period.  There  are  also  certain 
observations  that  require  a  larger 
minimum  and  that  cannot  be  interrupted. 
The  algorithm  is  designed  to  accom- 
modate these  special  cases. 

This  work  was  done  by  Orville  T.  Guffin 
of  Marshal!  Space  Right  Center  and 
Barney  H.  Roberts  and  Phillip  L. 
Williamson  of  Boeing  Computer  Support 
Service. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-28089  /77V 

George  C.  Marshall  Space 
Right  Center 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mall  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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NBS  technology  update  cSi% 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 

Microcomputer  Fortran  Programs  Calculate  Fluid 
Properties 

The  thermophysical  and  transport  properties  of  12  selected  fluids 
have  been  programmed  in  FORTRAN  77  for  microcomputers. 
When  any  two  of  pressure,  temperature,  or  density  values  are 
input  (in  single  phase  regions),  or  either  pressure  or  temperature 
(in  saturated  liquid  or  vapor  states),  the  programs  calculate  pres- 
sure, density,  temperature,  internal  energy,  enthalpy,  entropy, 
specific  heat  capacities  (Cv  and  Cp),  speed  of  sound,  and  in  most 
cases,  viscosity,  thermal  conductivity,  and  dielectric  constant. 
The  fluids  included  are  helium,  hydrogen,  nitrogen,  oxygen,  argon, 
nitrogen  trifluoride,  methane,  ethylene,  ethane,  propane,  iso-  and 
normal  butane.    Properties  are  given  over  a  wide  range  of  tem- 
peratures and  pressures. 

FOR  ADDITIONAL  INFORMATION:     A  description  and  listing  of 
the  program,  along  with  sample  calculations  and  a  typical  com- 
puter run,  is  available  in  Interactive  FORTRAN  Programs  for  Micro 
Computers  to  Calculate  the  Thermophysical  Properties  of  Twelve 
Fluids  (MIPRQPS)~    Copies  of  the  program  on  microcomputer  disk- 
ette  are  available  for  $400  from  the  Office  of  Standard  Refer- 
ence Data,  A320  Physics  Building,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899;  (301)  975-2208. 
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Software 


DASSL,  A  Differential/Algebraic 
System  Solver 

This  technical  note  was  based  on  a  software  package  developed  by  Sandia 
National  Laboratories  for  the  U.S.  Department  of  Energy  and  available 
at  the  National  Energy  Software  Center. 


DOE/TIC/EG-86/105 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


m 


Sandia  National 
Laboratories 


DASSL,  available  on  an  "as  is"  basis, 
is  designed  for  the  numerical  solution  of 
implicit  systems  of  differential/algebraic 
equations  written  in  the  form  F(t,y,y')  = 
0,  where  F,  y,  and  y'  are  vectors  and  in- 
itial values  for  y  and  y'  are  given.  The 
derivatives  y'  are  approximated  by  back- 
ward differentiation  formulae  (BDF),  and 
the  resulting  nonlinear  system  at  each  time 
step  is  solved  by  Newton's  method.  Sys- 
tems of  differential/algebraic  equations 
(DAE)  arise  in  several  diverse  applications 
in  the  physical  world.  Problems  of  this  type 
occur  frequently  in  the  numerical  method- 
of-lines  treatment  of  partial  differential 
equations.  Differential/algebraic  equations 
arise  in  the  simulation  of  electronic  cir- 
cuits, where  they  are  sometimes  called 
semistate  equations  and  also  occur  in  the 


dynamic  analysis  of  mechanical  systems. 
These  problems  can  all  be  solved  by  using 
DASSL.  The  linear  systems  are  solved  by 
using  routines  from  the  LINPACK  (NESC 
Abstract  800)  subroutine  package.  Error 
handling  is  accomplished  by  using  rou- 
tines from  the  SLATEC1.0  (NESC  Abstract 
820)  common  mathematical  library  pack- 
age. Both  a  single-precision  version 
(SDASSL)  for  long  word-length  machines 
and  a  double-precision  version  (DDASSL) 
for  short  word-length  machines  are  in- 
cluded. 

DASSL  is  written  in  FORTRAN  for  the 
DEC  VAX1  1  /70.  designed  to  be  portable. 
Program  size  is  3474  cards,  double  pre- 
cision, and  3466  cards,  single  precision. 
(Reference  1  is  included  with  the  software 
package.) 


REFERENCES 


DOE  report(s): 

( 1)  A  Description  of  DASSL  A  Differential /Algebraic 

System  Solver 

Order  number  DE85008493/NAB 

Price:  $9.95 

Reference  J  is  available  separately  from  NTIS  See  order 
information  below. 


ORDER 
INFORMATION 


FOR  ADDITIONAL 
INFORMATION 


This  software  package  (DE86057918/NAB)  can  be 
purchased  for  S 1360  (North  American  Price).  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer 
Products  Center.  (703)  487-4763. 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No.  99 18)  directly  or  by  subscription  from: 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No.  (312)  972-7250  (Comm.) 
972-7250  (FTS) 
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SOLGASMIX-PV,  Equilibria  in  Chemical 
Systems 

This  technical  note  was  based  on  a  software  package  developed  by  Oak  Ridge 
National  Laboratory  for  the  U.S.  Department  of  Energy  and  available 
at  the  National  Energy  Software  Center. 


Computer 
Software 


DOE/TIC/EG-36/1C2 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


ofnl 

Oak  Ridge  National 
Laboratory 


SOLGASMIX-PV,  available  on  an  "as 
is"  basis,  is  based  on  the  earlier  SOLGAS 
and  SOLGASMIX  codes  and  calculates 
equilibrium  relationships  in  complex 
chemical  systems.  Chemical  equilibrium 
calculations  involve  finding  the  system 
composition,  within  certain  constraints, 
which  contains  the  minimum  free  energy 
The  constraints  are  the  preservation  of  the 
masses  of  each  element  present  and  either 
constant  pressure  or  volume.  SOLGAS- 
MIX-PV can  calculate  equilibria  in  systems 
containing  a  gaseous  phase,  condensed 
phase  solutions,  and  condensed  phases 
of  invariant  and  variable  stoichiometry.  Ei- 
ther a  constant  total  gas  volume  or  a  con- 


stant total  pressure  can  be  assumed.  Unit 
activities  for  condensed  phases  and  ideal- 
ity for  solutions  are  assumed,  although 
nomdeal  systems  can  be  handled  provided 
activity  coefficient  relationships  are  avail- 
able The  program  is  designed  to  handle 
a  maximum  of  20  elements.  99  sub- 
stances, and  10  mixtures,  where  the  gas 
phase  is  considered  a  mixture.  Each  sub- 
stance is  either  a  gas  or  condensed  phase 
species  or  a  member  of  a  condensed 
phase  mixture. 

SOLGASMIX-PV  is  written  in  FORTRAN 
IV  for  the  IBM3033  and  contains  673 
cards.  (Reference  1  is  included  with  the 
software  package.) 


REFERENCES 


DOE  report(s): 

(1)  SOLGASMIX-PV.  A  Computer  Program  to  Calculate 

Equilibrium  Relationships  in  Complex  Chemical 

Systems 

Report  number;  0RNL/TM-5775/NAB 

Price:  $9  95 

Reference  1  is  available  separately  from  NTIS  See  order 
information  below 


ORDER 
INFORMATION 


This  software  package  (DE86057944/NAB)  can  be 
purchased  for  $  1060  (North  American  Price)  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer 
Products  Center.  (703)  487-4763     ■ 


DOE  offices,  contractors,  ana  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC 
No  9944)  directly  or  by  subscription  from 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9  700  South  Cass  Avenue 

Argonne.  IL  60439 


FOR  ADDITIONAL 

INFORMATION 


For  additional  information,  contact 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No    (31 2)  972-7250  (Comm  ) 
972-7250  (FTS) 
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Software  Package  Calculates 
Aerosol  Composition 

This  technical  note  was  based  on  a  software  package  developed  by  Sandia  National 
Laboratories  for  the  U.S.  Department  of  Energy  and  available  at  the  National 
Energy  Software  Center. 


Computer 
Software 

DOE/TIC/EG-86/089 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


m 


Sandia  National 
Laboratories 


REFERENCES 


The  MAEROS  software  calculates  aero- 
sol composition  and  mass  concentration 
as  a  function  of  particle  size  and  time. 

The  processes  that  may  be  considered 
are  coagulation  due  to  Brownian  motion, 
gravity,  and  turbulence;  particle  deposition 
due  to  gravitational  settling,  diffusion,  and 
thermophoresis;  particle  growth  due  to 
condensation  of  a  gas.  typically  water  va- 
por; and  time-varying  sources  of  particles 
of  different  sizes  and  chemical  composi- 
tions. 

The  numerical  technique  used  is  based 
on  dividing  the  particle  size  domain  into 
m  sections  and  imposing  the  condition  of 
mass  conservation  for  each  chemical  com- 
ponent for  the  processes  considered.  Aero- 
sol mass  concentrations  are  grouped  into 
sections  (i.e..  size  classes)  for  which  an 
average  composition  is  determined.  For  m 
sections,  a  set  of  2m(m  +  2)  sectional  coef- 
ficients must  be  calculated  before  integrat- 
ing in  time.  These  coefficients  are  deter- 
mined from  the  basic  coagulation,  con- 


densation, and  deposition  coefficients. 
Since  the  sectional  coefficients  depend  on 
the  physical  properties  of  the  containment 
chamber  (e.g..  temperature,  pressure, 
chamber  volume,  and  deposition  surface 
area),  they  will  generally  need  to  be  re- 
calculated for  a  particular  application.  How- 
ever, for  a  given  containment  chamber, 
the  sectional  coefficients  will  probably  vary 
only  with  temperature  and  pressure.  Con- 
sequently the  code  has  been  developed 
so  that  sectional  coefficients  are  stored  at 
a  user-specified  upper  and  lower  bound 
for  both  temperature  and  pressure,  and 
linear  interpolation  is  used  to  determine 
the  appropriate  sectional  coefficients  for 
a  given  temperature  and  pressure.  A 
Runge-Kutta-Fehlberg  method  is  used  to 
integrate  in  time. 

The  software  is  written  in  FORTRAN  IV 
for  the  (CDC7600).  NOS  1.4  (CDC 
CYBER175)  and  requires  55.100  (octal) 
words  of  memory.  (Reference  1  is  included 
with  the  software  package.) 


DOE  repon(s): 

(1)  MAEROS  User  Manual. 

Report  number  NUREG/CR-139 1  /NAB 

Order  number  DE8300837 8 / NAB 

Price:  $11  95 

Reference  1  is  available  separately  from  NTIS.  See  order 
information  below 


ORDER 
INFORMATION 


FOR  ADDITIONAL 
INFORMATION 


This  software  package  (DE86049006/NAB)  can  be 
purchased  for  $1 135  (North  American  Price)  To  obtain 
ordering  information  for  software  or  references,  contact 
National  Technical  Information  Service.  Computer  Products 
Center.  (703)487-4763. 


DOE  offices,  contractors,  and  nonprofit  educational 
organizations  can  purchase  this  software  package  (NESC  No. 
1006)  directly  or  by  subscription  from: 

National  Energy  Software  Center 

Argonne  National  Laboratory 

9700  South  Cass  Avenue 

Argonne.  IL  60439 


For  additional  information,  contact: 
National  Energy  Software  Center 
Argonne  National  Laboratory 
9700  South  Cass  Avenue 
Argonne.  IL  60439 
Telephone  No  (312)  972  7250  (Comm) 
972-7250  (FTS) 
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IWNSATech  Brief 


National  Aeroi  lautics  and 
Space  Adrnir  iistration 


Computer 
Software 


Updated  Thermal 
Radiation  Program 

Used  with  other  thermal- 
analysis  programs,  this 
program  calculates  the 
radiation  components. 


The  Thermal  Radiation  Analyzer  Sys- 
tem, TRASYS  II,  is  a  computer-software 
system  with  generalized  capability  to 
solve  the  radiation-related  aspects  of 
thermal-analysis  problems.  When  TRASYS 
II  is  used  in  conjunction  with  a  generalized 
thermal-analysis  program,  such  as  the 
Systems  Improved  Numerical  Differenc- 
ing Analyzer  (SINDA)  program,  any  ther- 
mal problem  that  can  be  expressed  in 
terms  of  a  lumped-parameter  R-C  thermal 
network  can  be  solved. 

TRASYS  II  provides  for  the  calculation 
of  internode  radiation-interchange  data 
and  for  the  calculation  of  incident-  and 
absorbed-heat  rate  data  originating  from 
environmental  radiant-heat  sources.  Da- 
ta of  both  types  are  provided  by  TRASYS  1 1 
in  a  format  directly  usable  by  such 
thermal-analyzer  programs  as  SINDA 
(available  from  COSMIC). 

TRASYS  II  consists  of  two  major  com- 
ponents: the  preprocessor  and  the  pro- 
cessor library.  One  primary  feature  of 
TRASYS  II  is  that  it  allows  users  to  write 
their  own  executive,  or  driver,  programs, 
which  organize  and  direct  the  library 
routines  toward  solving  each  specific  pro- 
blem in  the  most  expeditious  manner.  The 
preprocessor  first  reads  and  converts  the 
user's  geometry-input  data  into  the  form 
used  by  the  processor-library  routines. 
Next,  the  preprocessor  accepts  the 
user's  driving  logic,  written  in  the  TRASYS 
ll-modified  FORTRAN  language,  that 
directs  the  user-provided  and  processor- 
library  routines  in  the  solution  of  the  pro- 
blem. 


The  processor  library  consists  of  FOR- 
TRAN routines  that  perform  the  functions 
commonly  needed  by  the  user  to  solve 
the  thermal-radiation  problems.  In  many 
cases,  the  user  has  a  choice  of  solution 
techniques  to  perform  the  same  function. 
As  previously  mentioned,  users  may  pro- 
vide their  own  routines  where  desirable. 
In  particular,  the  user  may  write  output 
routines  to  provide  for  an  interface  be- 
tween TRASYS  II  and  any  thermal-analy- 
zer program  using  the  R-C  network  con- 
cept. 

Input  to  the  TRASYS  1 1  program  consists 
of  EDIT/CONTROL  data  and  MODEL  data. 
The  EDIT/CONTROL  data  do  not  partici- 
pate in  the  definition  of  the  thermal-radia- 
tion problem,  but  provide  for  basic  pro- 
gram control  and  for  the  definition  of  the 
mathematical  model  of  the  thermal-radia- 
tion problem.  The  MODEL  data  include 
surface-geometry  data,  documentation 
data,  nodal  data,  block-coordinate- 
system  data,  form-factor  data,  operations 
data  (the  user's  driver  logic),  and  the  user- 
supplied  subroutines.  TRASYS  II  currently 
allows  problems  with  as  many  as  1 ,000 
nodes  and  time-variable  problem  geom- 
etry. The  edit  capability  allows  for  the 
easy  modification  of  complex  thermal- 
radiation  problem  models. 

Output  from  TRASYS  II  consists  of  two 
basic  types  of  data:  internode-radiation- 
interchange  data,  and  incident-  and  ab- 
sorbed-heat rate  data.  A  plot  package 
provides  for  the  plotting  of  input  geome- 
try, orbit  data  (for  on-station  spacecraft 
problems),  the  two  types  of  data  des- 


cribed above,  and  any  other  data  gen- 
erated by  the  user's  driver  logic. 

The  DEC  VAX  version  of  TRASVS  II  is 
written  in  FORTRAN  IV  for  batch  execution 
(only  the  plotting  driver  program  is  interac- 
tive) and  has  been  implemented  on  a  DEC 
VAX  11/780  computer  under  VMS.  The 
UNIVAC  version  of  TRASYS  II  is  written  in 
FORTRAN  V  and  Assembler  for  batch  ex- 
ecution and  has  been  implemented  on  a 
UNIVAC  1100  series  computer  under 
EXEC  8  with  a  centrai-memory  require- 
ment of  40K  to  115K  of  36-bit  words. 
TRASYS  II  requires  the  DISSPLA  plot  soft- 
ware package  for  graphics  output  and 
drives  Tektronix  terminals.  The  TRASYS  1 1 
system  was  last  updated  in  1985. 

This  program  was  written  by  Robert  A. 
Vogt  of  Johnson  Space  Center. 
MSC-20448  and  MSC21030  /TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1L162601AH91 


Filing  Code:  71H023 


Chromatopyrography/Mass-Spectrometry  of  Vulcanlzafes 

Components  are  identified  in  a  relatively  simple  technique. 


The  U.S.  Army  Materials  Technology  Laboratory 
developed  a  technique  of  serial  pyrolysis,  gas 
chromatography,  and  mass  spectrometry  to  study 
the  complex  composition  of  such  intractable  ma- 
terials as  vulcanized  elastomers.  This  technique 
apparently  can  separate  residual  vulcanizate-for- 
mulation  components  from  polymer  compositions 
without  the  need  for  complicated  sample-manipu- 
lation procedures.  The  technique  can  accurately 
assess  and  reconstruct  formulations  of  vulcanized 
elastomers;  few,  if  any,  straightforward  analytical 
procedures  are  available  for  this  type  of  work. 

In  an  application  of  this  technique,  two  samples 
of  vulcanized  tensile  sheets,  both  of  proprietary 
composition,  were  each  subjected  to  an  initial 
pyrolysis  temperature  of  350  °C  followed  serially  by 
a  second  pyrolysis  at  600  °C.  The  pyrolyzate  from 
each  experiment  was  chromatographed  on  a  12-m 
fused  silica  capillary  column  of  cross-linked  methyl 
silicone.  Mass  spectra  of  the  chromatographic  ef- 
fluent were  collected  and  stored;  a  mass  range  of 
33  to  450  amu  was  repeatedly  scanned  at  approx- 
imately 1.5-s  intervals  for  the  selected  mass  range. 
Reconstructed  mass  pyrograms  (see  figure)  and 
mass  spectra  were  generated  from  the  stored  data 
subsequently  to  each  analysis.  Identifications  of 
specific  components  were  facilitated  by  the  use  of 
computer  library  search  routines  of  a  data  base  of 
reference  mass  spectra. 
Project  officer  Jacob  Patt 
(313)  574-5814  or  AV  786-5814. 
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COMPONENT    IDENTIFICATION 

1.  Hexadecanoic    Acid 

2.  Octadecjnoic    Acid    (Stearic    Acid) 

4.        N-  ( 1  ,  3-D  line  thyl  butyl )    it  '-^.heny  1-p-pheny  lenediamlne 
(Antioxidant) 
5    -12.         Hydrocarbons 

The  Reconstructed  Mass  Pyrogram  of  a  sample  of 
vulcanized  tensile  sheet  reveals  a  variety  of  relatively 
volatile  components. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reports): 
Serial  Chromatopyrography-Mass  Spectometry 
of  Natural  Rubber  Vulcanizates. 
Order  number:  AD-A167559/NAA 
Price  code:  A02 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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United  States 
Environmental  Protection 
Agency 


Air  and  Energy  Engineering 

Research  Laboratory 

Research  Triangle  Park  NC  27711 


Research  and  Development 


&EPA        Project  Summary 

Supercritical  Fluid 
Chromatography  for  High 
Molecular  Weight  Organic 
Analysis 


This  report  describes  a  preliminary 
application  of  supercritical  fluid  mass 
spectrometry  (MS)  techniques  devel- 
oped at  Batteile-Northwest  to  the  anal- 
ysis of  a  middle  distillate  fuel,  an  emis- 
sion particulate  extract,  and  the 
emission  particulates  themselves. 
These  techniques  include  capillary 
column  supercritical  fluid  chromatogra- 
phy (SFC)  (alone)  and  coupled  with  MS, 
direct  fluid  injection  (DFD/MS,  and  su- 
percritical fluid  extraction  (SFE)/MS. 
These  techniques  are  still  in  an  early 
stage  of  development,  but  have 
demonstrated  considerable  potential 
for  difficult  analytical  problems.  The 
present  work  demonstrates  the  feasi- 
bility of  achieving  high  resolution  sepa- 
rations of  complex  mixtures  with  SFC 
using  nonpolar  C02  as  the  mobile 
phase.  Additionally,  these  analyses 
have  provided  an  evaluation  of  the  lim- 
itations of  the  present  detector  inter- 
faces, resulted  in  further  design  im- 
provements, and  emphasized  research 
areas  for  further  investigation.  The 
present  work  also  demonstrates  that 
SFC/MS  application  to  complex  mix- 
tures can  provide  good  separations  and 
usable  mass  spectra.  DFI/MS  using  su- 
percritical ammonia  was  used  to  pro- 
vide an  efficient  method  of  transporting 
sample  components  to  the  ionization 
source  to  obtain  accurate  molecular 
weight  distribution  data  and  structural 
information  for  rapid  analysis  of  materi- 
als for  which  suita  '  ~  ^oarations  have 
not  yet  been  developeu.  .  ~"y,  high 
molecular  species  up  to  mass  1400  amu 
were  detected  during  SFE/MS  of  the 


emission  particulates  using  supercriti- 
cal ammonia.  The  necessary  research 
required  to  elevate  the  various  super- 
critical fluid  methods  to  routine  appli- 
cation is  summarized. 

This  Project  Summary  was  devel- 
oped by  EPA 's  Air  and  Energy  Engineer- 
ing Research  Laboratory,  Research  Tri- 
angle Park,  NC,  to  announce  key 
findings  of  the  research  project  that  is 
fully  documented  in  a  separate  report 
of  the  same  title  (see  Project  Report  or- 
dering information  at  back). 

Summary 

This  report  describes  and  summa- 
rizes an  initial  application  of  supercriti- 
cal fluid  analytical  techniques  for  the 
analysis  of  complex  mixtures.  These 
techniques  are  capillary  column  SFC/ 
MS,  DFI/MS,  and  SFE/MS.  These  tech- 
niques are  all  in  a  relatively  early  stage 
of  development,  but  show  significant 
promise  for  application  to  previously  in- 
tractable problems  or  for  considerable 
simplification  of  established  method- 
ologies. The  advantages  of  these  tech- 
niques include  greatly  enhanced  chro- 
matographic resolution  compared  to 
high  performance  liquid  chromatogra- 
phy (HPLC)  and  improved  operation 
and  compatibility  with  MS. 

The  present  work  demonstrates  the 
feasibility  of  achieving  high  resolution 
separations  of  complex  mixtures  of 
moderate  molecular  weight  (e.g.,  mid- 
dle distillate  fuel)  samples  using  capil- 
lary column  SFC  and  nonpolar  C02  as 
the  mobile  fluid.  Flame  ionization  detec- 
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tion  (FID)  was  also  employed  and  pro- 
vided an  efficient  form  of  detection.  Sig- 
nificant components  of  even  the  more 
polar  nitrogen-containing  polycyclic 
aromatic  hydrocarbons  and  the  hydrox- 
ylated  polycyclic  aromatic  materials 
were  successfully  chromatographed. 
Coupled  capillary  column  SFC/MS  also 
proved  to  be  successful  for  the  analysis 
of  the  middle  distillate  fuel.  Although 
the  separation  efficiency  was  somewhat 
less  with  MS  detection,  design  improve- 
ments were  earmarked  which  will 
greatly  improve  the  interface  perform- 
ance and  produce  results  comparable  to 
FID.  Chemical  ionization  (CI)  mass  spec- 
tra were  also  obtained  for  selected  com- 
ponents in  the  middle  distillate  fuel.  In 
order  to  elute  high  molecular  weight 
nonvolatile  compounds,  further  im- 
provements in  the  chromatographic  in- 
terface are  necessary  and  the  use  of 
more  polar  fluid  systems  needs  to  be 
developed.  The  use  of  polar  fluid  sys- 
tems necessitates  expanded  develop- 
ment of  compatible  capillary  cloumn 
technology.  The  present  work  also 
demonstrates  the  utility  of  DFI/MS  for 
the  introduction  of  sample  solutes  to 
the  mass  spectrometer.  These  tech- 
niques can  provide  the  basis  for  new 
rapid  analysis  methods,  particularly  in 
conjunction  with  tandem  MS  tech- 
niques (e.g.,  MS/MS).  Essentially,  any 
solute  that  is  soluble  in  the  supercritical 


fluid  is  transported  to  the  ion  source  in 
DFI/MS.  In  this  work,  supercritical  am- 
monia was  used  to  transport  and  obtain 
CI  spectra  of  the  middle  distillate  fuel, 
chemical  class  fractions  of  the  fuel,  and 
of  the  emission  particulate  e-xtract. 
Since  these  are  complex  mixtures  the 
spectra  were  also  complex,  but  molecu- 
lar weight  distribution  data  and  some 
structural  information  were  obtainable. 
MS/MS  methods  and/or  high  resolution 
MS  would  greatly  aid  in  the  interpreta- 
tion of  these  such  spectra  for  detection 
of  particular  components  of  interest.  Fi- 
nally, DFE/MS  of  the  emission  particu- 
late sample  with  polar  ammonia 
demonstrated  that  material  up  to  mass 
1400  amu  were  extractable.  It  appears 
that  the  DFI-MS  method  can  be  ex- 
panded to  higher  m/z  values.  The  mass 
spectra  which  were  obtained  are  com- 
plex and  additional  investigation  an  the 
use  of  expanded  techniques  such  as 
MS/MS  or  high  resolution  MS  will  be 
necessary  to  fully  exploit  this  technique. 
The  present  work  clearly  demon- 
strates the  promising  potential  of  SFC 
and  SFC/MS  techniques  for  enhanced 
analytical  characterization  of  "difficult" 
samples.  Further  research  will  increase 
the  utility  of  these  methods  as  an  ex- 
panded base  of  understanding  and  re- 
fined instrumentation  are  developed. 


B.    Wright,    H    Udseth,    and  R.    Smith  are   with  Battelle,    Pacific  Northwest 

Laboratories.  Richland,  WA  99352 
Merrill  D.  Jackson  is  the  EPA  Project  Officer  (see  below). 

The  complete  report,  entitled  "Supercritical  Fluid  Chromatography  for  High 
Molecular  Weight  Organic  Analysis,"  (Order  No.  PB  87-110  524/ AS;  Cost: 
$13.95,  subject  to  change)  will  be  available  only  from: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Research  Triangle  Park,  NC  2771 1 


IWVSATech  Brief 

Nato  lal  Aeronautics  ai  id 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Studying  Transonic  Gases  With  a  Hydraulic  Analog 

A  water  table  has  been  adapted  to  gas  dynamics. 


A  water  table  for  hydraulic-flow  re- 
search can  yield  valuable  information 
about  gas  flow  at  transonic  speeds.  The 
water  table  has  been  used  to  study  fuel 
and  oxidizer  flow  in  high-pressure  rocket 
engines,  in  particular  to  study  transonic 
flow  at  the  walls  of  a  combustion  charn- 
ber.  The  chamber  allowed  new  wall  ge- 
ometries to  be  evaluated  quickly  by  visual 
observation. 

The  method  can  be  applied  to  gas 
flows  in  such  equipment  as  furnaces, 
nozzles,  and  chemical  lasers.  It  is  espe- 
cially suitable  when  wall  contours  are 
nonuniform,  discontinuous,  or  unusually 
shaped.  Wall  shapes  can  be  changed 
quickly  for  study  and  evaluated  on  the 
spot.  The  method  can  be  used  instead  of 
computer  simulation  when  computer 
models  are  unavailable,  inaccurate,  or 
costly  to  run. 


A  full-scale,  two-dimensional  wall,  rep- 
resenting one-half  the  flow  chamber,  is 
placed  on  the  water  table  (see  figure).  A 
sheet  of  water  flows  over  the  table  and 
around  the  wall.  The  depth  of  the  sheet  at 
any  point  is  analogous  to  some  of  the 
characteristics  of  a  gas  at  that  point.  For 
example,  as  the  waterflow  is  accelerated 
to  a  speed  analogous  to  that  of  a  transoni- 
cally  flowing  gas,  the  water  depth  falls  to 
indicate  lower  pressure. 

The  water  depths  are  measured  at  the 
center  of  the  table  and  along  the  wall 
boundary  to  provide  data  for  a  grid  of 
constant-speed  contours.  The  water 
depth  is  proportional  to  the  gas  density,  to 
the  gas  temperature,  and  to  the  square 
root  of  the  gas  pressure.  Thus,  plots  of 
the  density,  temperature,  and  pressure 
can  also  be  made.  Researchers  can  see 
the  flow  pattern  as  ripples  in  the  water 


surface. 

In  the  rocket-engine  problem,  the  radii 
of  curvature  of  the  combustion  chamber 
walls  were  reduced  upstream  and  down- 
stream of  the  throat  as  a  result  of  the 
water-table  experiments.  The  transonic- 
flow  length  was  reduced,  and  the  coolant 
pressure  toss  was  decreased. 

This  work  was  done  by  W.  R.  Wagner 
and  F  F.  Lepore  of  Rockwell  international 
Corp.  lor  Marshall  Space  Right  Center 
MFS-29100/TN 
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MODEL  OF  A  FLOW-CHAMBER  WALL  ON  THE  WATER  TABLE 

Water  Flows  Over  the  Transparent  Glass  Plate  of  the  water  table.  Flow  patterns  around 
objects  on  the  table  are  clearly  visible  through  windows,  and  the  depth  of  the  flowing 
water  at  various  points  can  be  readily  measured. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport.  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


Transportation 


514  Equipment  for  Containerized  Shipping — Items  for  air,  land,  and  sea 
shipment  are  catalogued. 

515  Portable  Shelter  for  Helicopters— A  tentlike  enclosure  protects 
personnel  and  equipment  from  the  elements. 

51 6  Algorithm  for  Fuel-Conservative  Airplane  Descents —  Pilots  use  a  small 
programmable  calculator  to  plan  descents. 

517  Pitch  Control  for  Helicopter  Rotors —  Blade  pitches  are  controlled  in 
synchronism.  (Licensing  Opportunity) 

Other  items  of  interest 

479       Thermal  Insulation  in  Tank  Cars —  Ceramic  fibers  keep  tank  contents  at  a 
low  temperature  when  the  car  is  involved  in  a  fire. 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  NONE 


Filing  Code:  94A021 


Equipment  for  Containerized  Shipping 

Items  for  air,  land,  and  sea  shipment  are  catalogued. 


A  report  describes  equipment  for  containerized 
shipping.  The  report  by  the  U.S.  Army  Troop  Sup- 
port Command  covers  equipment  used  by  or  under 
development  by  the  U.S.  military  services. 

The  report  is  organized  by  the  following 
categories  of  use: 
•Containers; 
•  Handlers; 
•Transport  vehicles; 
•Lots,  harbor,  and  container-offloading  and 

-transfer  equipment;  and 
•Airport  equipment. 

For  each  of  the  many  items  in  a  category,  the 
report  gives  a  description  and  presents  information 
on  the  current  status  and  plans  for  future  develop- 
ment. 

A  photograph  or  diagram  of  the  equipment  is  fur- 
nished. For  each  item,  the  report  provides  the 
name  of  a  person  who  may  be  contacted  for  further 
information. 

An  example  of  the  equipment  described  is  the 
"Super  Jack"  mobile  loading  system  (see  figure). 
The  report  informs  the  reader  that  this  system  will 
load  a  shelter  onto  military  aircraft  and  flatbed 
trailers  and  will  provide  limited  mobility  (less  than 
10  mi/h  top  speed).  Loads  can  be  rolled  on  or  rolled 
off  the  aircraft  or  can  be  transferred  on  the  same 
level.  The  equipment  can  handle  loads  weighing  up 
to  20,000  lb  (9,100  kg). 
Project  officer  Stephen  Johnson 
(703)  664-4490  or  AV  354-4490. 


CROSS  MEHBEP 
GUIDE  HOUSING 


-1RAVEUNG  NUT 
REMOVABLE  SCREW 
SCREW  JACK  H0USU6 


2  /  Z  ■ '  Z  Z  ZZZZZ  ^7 


The  "Super  Jack"  Mobile  Loading  System  is  1  of 

almost  70  equipment  items  described  in  a  report.  The 
items  range  from  railroad  flatbed  cars  to  refrigerated 
containers. 


FOR  ADDITIONAL  INFORMATION 

Ybu  can  learn  more  details  about  this  technology  by  ordering  tne  NTIS  repon(s)j 
Container  System  Hardware  Status  Report. 
Order  number:  ADA  16331 UNAA 
Price  code  A08 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  from  privately  owned  rights 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  1E464713DL40 


Filing  Code:  51B001 


Portable  Shelter  for  Helicopters 

A  tentlike  enclosure  protects  personnel 
and  equipment  from  the  elements. 


Weather  Barrier, 
Endwall  Ground- 
Anchoring  Straps 
(Black) 


Arch-Tube  Tie  f 
Down  Strap  (Gray) 


Two  Endwalls  cover  the  ends  of  the  transportable  helicopter  enclosure  to  protect  against  wind.  The  enclosure  can 
withstand  a  10-lb  (4.5-kg)  load  of  snow,  50-mi/h  (22-m/s)  winds,  and  gusts  up  to  65  mi/h  (29  m/s). 


An  instruction  manual  gives  information  on 
erecting,  striking,  and  maintaining  a  transportable 
helicopter  enclosure.  The  report  was  prepared  by 
the  U.S.  Army  Natick  Research  and  Development 
Center. 

The  enclosure  is  a  shelter  in  which  a  helicopter 
can  be  inspected  and  repaired  under  blackout  or 
poor-weather  conditions.  The  entire  shelter  can  be 
transported  in  a  utility  helicopter  or  in  a  1  Vb-ton 
(1,400-kg)  truck. 

The  standard  outside  dimensions  (see  figure) 
are  length,  81  ft  (25  m);  height,  23  ft  (7.0  m);  and 
width,  33  ft  (10  m).  These  allow  room  to  work  on  the 
helicopter  with  ample  space  for  maintenance  and 
test  equipment.  Because  the  enclosure  is  modular, 
however,  its  length  may  be  increased  or  decreased 
by  the  addition  or  subtraction  of  sections. 

The  modules  are  alternating  leaning-arch  and  in- 
termediate-arch sections.  Each  leaning-arch  sec- 


tion consists  of  two  air-inflated  arch  tubes  leaning 
together  and  meeting  at  the  top;  between  the  two 
arches  is  a  weather  barrier  of  coated  polyester 
fabric.  Each  intermediate-arch  section  consists  of 
a  central  inflated  arch  tube  with  a  weather  barrier 
of  coated  polyester  fabric  on  either  side  to  connect 
with  the  leaning  arches. 

The  standard  enclosure  has  three  leaning-arch 
sections  and  two  intermediate-arch  sections. 
These  five  pieces  lace  together  to  form  a  structure 
with  eight  inflated  arch  tubes. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NT  IS  report(s): 
Draft  Technical  Manuals  for  Transportable  Helicopter  Enclosure 
Order  number  AD-A164557/NAA 
Price  code:  A04 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  In  this  document,  or  warrant:  that  such  use  will  be  tree  from  privately  owned  rights. 


NTIS  Tech  Notes    May  1987 


0515 


WNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Langley  Research  Center,  Hampton,  Virginia 


Algorithm  for  Fuel-Conservative  Airplane  Descents 

Pilots  use  a  small  programmable  calculator  to  plan  descents. 


Reduce  Thrust 
Top  of  to  Flight 

Descent   (§)       Idle 


Md  =  Mc  for 
Time-Metered  Mode* 


Speed  Change 
to  IASMF 

Metering  Fix       © 

4MF  *  * 


Constant 

IASd  = 

250  Knots 

® 


Speed 
Change 
to  250  Knots 


© 


IASd 
© 


Descent  of 

Constant 

IAS 


Md 


Constant-mach 
Descent 


Speed 
Change 

From 

Cruise  to 

Descent 

mach, 

Md 


CD 

Constant  Cruise 
mach,  Mc 


Entry  Fix 


"X0 


10,000  ft        10,000  ft 


nMF 


hMF 


I I 


At2 

4i2 


At3 

Al3 


M4 

Al4 


W5 
Al5 


At6 
Al6 


■N- 


"7 

Al7 


Note:  IAS  means  indicated  air  speed. 
Figure  1.  The  Right-Management  Algorithm  computes  the  parameters  that  describe  a  seven-segment  cruise-and-descent  profile. 


The  Federal  Aviation  Administration  is 
implementing  an  automated,  time-based 
metering  form  of  air-traffic  control  (ATC) 
with  profile-descent  procedures  for  ar- 
rivals into  the  terminal  area.  These 
measures  provide  fuel  savings  by  match- 
ing the  arrival  of  airplanes  to  the  airport 
acceptance  rate  through  time-control 
computations  and  by  allowing  the  pilot  to 
descend  at  his  discretion  from  the  cruise 
altitude  to  a  designated  metering-fix 
altitude  in  an  idle-thrust  clean  configura- 
tion (with  landing  gear  up,  flaps  zero,  and 


speed  brakes  retracted).  An  airborne 
descent  algorithm  was  developed  at 
Langley  Research  Center  to  be  compati- 
ble with  time-based  metering  and  profile- 
descent  procedures  and  was  designed  to 
improve  the  accuracy  of  delivering  an 
airplane  during  a  fuel-efficient  descent  to 
the  metering  fix  at  a  time  designated  by 
the  ATC  system. 

The  simple,  airborne  flight-manage- 
ment descent  algorithm  (see  Figure  1) 
was  programmed  into  a  small  calculator 
(see  Figure  2)  for  use  with  a  McDonnell 


Douglas  DC-10-10  airplane.  In  a  time- 
metered  mode,  the  airborne  algorithm 
computes  the  specific  mach  number. 
airspeed,  and  point  for  the  pilot  to  begin 
the  descent  to  arrive  at  a  metering  fix  at 
a  predetermined  airspeed,  altitude,  and 
time  assigned  by  ATC.  In  the  nonme- 
tered  mode,  the  algorithm  computes  the 
point  to  begin  the  descent  based  on  the 
mach  and  airspeed  descent  schedule 
entered  into  the  calculator  by  the  pilot. 

Flight  tests  were  conducted  on  routine 
airline  flights  into  various  major  airports 
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The  data  obtained  indicated  that  the  time 
and  distance  to  descend  could  be  satis- 
factorily predicted  with  the  use  of  rela- 
tively simple  equations  and  modeling  of 
airplane  performance  characteristics.  The 
flight  data  also  have  shown  that  the  de- 
scent profile  could  be  satisfactorily  flown 
with  open-loop  guidance  provided  by  con- 
ventional cockpit  mach  and  airspeed  in- 
dicators; however,  the  pilot  technique 
used  to  fly  the  descent  can  affect  the  ac- 
curacy of  crossing  the  metering  fix  at  the 
desired  time. 

The  pilots  who  participated  in  the  flight 
tests  reported  that  the  calculator  was 
easy  to  use  and  did  not  interfere  with  nor- 
mal flight  duties.  They  felt  that  the  open- 
loop  guidance  provided  by  the  calculator 
would  be  of  most  value  during  the  de- 
scents at  nonstandard  speeds  or  during 
time-metered  operations. 

This  work  was  done  by  Charles  E. 
Knox  and  Dan  D.  Vicroy  of  Langley 
Research  Center  and  David  A.  Simmon 


of  United  Airlines,  Inc.  Further  informa- 
tion may  be  found  in: 

NASA  TM-85642  [N83-25707/NSP], 
"Description  of  the  Computations  and 
Pilot  Procedures  for  Planning  Fuel-Con- 
servative Descents  with  a  Small  Pro- 
grammable Calculator, "  [A03] 
NASA  TM-86275  [N84-29871/NSP], 
"User's  Manual  for  a  Fuel-Conservative 
Descent  Planning  Algorithm  Imple- 
mented on  a  Small  Programmable  Cal- 
culator, "  [A04] 

NASA  TP-2393  [N85-26705/NSP], 
"Planning  Fuel-Conservative  De- 
scents in  an  Airplane  Environment  Us- 
ing a  Small  Programmable 
Calculator. "  [A05] 

Copies  may  be  purchased  [prepay- 
ment required]  from  the  National  Tech- 
nical Information  Service,  Springfield, 
Virginia  22161  LAR-13492  /TN 


Figure  2.  The  Hand-Held  Programmable 
Calculator  does  not  interfere  with  normal 
flight  duties. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Licensing 
Opportunity 


Pitch  Control  for  Helicopter  Rotors 

Blade  pitches  are  controlled  in  synchronism. 


A  pitch  controller  for  helicopter  rotors 
uses  hub-mounted  acluators  located 
symmetrically  between  rotor  blades.  The 
new  controller  is  designed  for  X-wing 
rotors  that  require  collective  pitch  con- 
trol; that  is,  the  pitch  of  all  blades  must  be 
changed  by  the  same  amount.  The  col- 
lective control  allows  the  rotor  to  be 
trimmed  during  a  variety  of  flight  regimes, 
in  particular  during  hovering  and  fixed- 
wing  flight. 

If  a  conventional  pitch  controller  were 
used  on  an  X-wing  rotor,  the  load  paths 
through  the  control  linkages  would  be 
long  and  would  add  considerable  weight 
if  they  were  to  provide  satisfactory  stiff- 
ness. In  addition,  a  conventional  con- 
troller can  be  used  only  if  the  blade  roots 
are  firmly  supported  against  vertical 
deflection,  and,  with  such  support,  it 
would  be  difficult  for  the  conventional 
controller  to  allow  lead/lag  motion  of  the 
blades  without  coupling  the  motion  to  the 
blade  pitch  motion.  Furthermore,  it  would 
be  difficult  to  stiffen  the  open  blade  sec- 
tion for  attachment  of  a  horn  arm. 


The  new  controller,  in  contrast,  has  a 
short  load  path  and  is  therefore  stiff 
without  excess  weight.  Its  linkage  permits 
large  lead/lag  motion  of  the  blade  without 
changing  the  blade  pitch;  the  linkage  also 
restrains  vertical  shear  forces  on  the 
blade.  Moreover,  all  linkages  and  drives 
are  redundant:  A  single  failure  cannot 
cause  catastrophic  loss  of  control. 

The  new  controller  consists  of  four 
hub-mounted  rotary  actuators,  each  on 
an  axis  midway  between  a  pair  of  blades, 
linkages  that  connect  the  output  arms  of 
the  actuators  to  the  root  ends  of  the 
blades,  and  a  drive  system  that  syn- 
chronizes the  operation  of  the  four  ac- 
tuators (see  figure).  Each  actuator  arm 
can  rotate  through  an  angle  of  ±30°, 
which  results  in  a  pitch  change  of  ±  1 0  °  at 
the  blade.  Each  linkage  keeps  its  blade  in 
the  rotorplane  while  allowing  in-plane 
lead/lag  motion  of  ±  1 .75  inches  (4.4  cen- 
timeters). 

A  hydraulic  power  unit  drives  the  ac- 
tuators. The  unit  is  mounted  on  the  air- 
frame under  the  main-rotor-transmission 


gearbox.  The  unit  includes  two  indepen- 
dent hydraulic  motors  and  a  control  sec- 
tion. The  combined  output  passes 
through  a  compensating  gearbox  to  dual 
torque  shafts  inside  the  rotor  shaft.  The 
compensating  gearbox  removes  the  ef- 
fect of  rotor  rotation  from  the  drive  shafts. 
The  shaft  distributes  torque  to  the  ac- 
tuators via  an  upper  gearbox  and  four  in- 
dividual shafts,  one  connected  to  each 
actuator. 

The  pitch  controller  is  operated  by  a 
redundant  command  signal,  which  con- 
trols flow  of  hydraulic  fluid  to  the  motors. 
Each  motor  is  supplied  by  a  separate 
hydraulic  system.  The  malfunction  of  a 
motor  or  failure  of  its  hydraulic  supply 
causes  a  brake  to  be  applied  to  the 
motor;  the  remaining  motor  then  oper- 
ates the  actuators  at  half  speed. 

The  actuator  mounting  is  also  redun- 
dant. One  of  the  two  pitch-control  link- 
ages on  any  one  blade  may  fail,  and  the 
remaining  linkage  will  continue  to  control 
the  blade.  Similarly,  if  any  one  actuator  in- 
put shaft  fails,  the  adjacent  blades  will  be 
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Upper 
Gearbox 


controlled  from  the  neighboring  ac- 
tuators, the  inoperative  actuator  being 
backdriven. 

This  work  was  done  by  P.  Jeffery  and 
G.  Luecke  of  United  Technologies  Corp. 
for  Ames  Research  Center.  No  further 
documentation  is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center  Refer  to 
ARC-11517.  /TN 

Ames  Research  Center 

Technology  Utilization  Officer: 

Laurence  A.  Milov 

Mail  Code  204-10 

Moffett  Field,  CA  94035 

(415)694-5761 

Patent  Counsel: 

Darrell  G.  Brekke 

Mail  Code  200-1 1 

Moffett  Field,  CA  94035 

(415)  694-5104 


Atop  the  Main  Rotor  Drlveshaft  but  isolated  from  its  motion,  four  actuators  control  and  syn- 
chronize the  pitch  of  helicopter  rotor  blades. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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